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LIVERPOOL SCHOOL OF TROPICAL 
MEDICINE 

SCIENTIFIC RECORD 


COMPILED BY 

DOROTHY ALLMAND 

Librarian of the Liverpool School of Tropical Medicine 
Plates I—IX 

The new laboratories of the Liverpool School of Tropical 
Medicine were formally opened on 24th July, 1920, by Lord 
Leverhulme, Honorary Vice-President and former Chairman of the 
School. 

The building had been placed, in 1915, at the disposal of the 
Military authorities for the purposes of a hospital, and was used 
by them until 1919, for the treatment of patients suffering from 
tropical diseases, mainly malaria and dysentery. The hospital, 
which consisted of about 200 beds, was under the charge of 
Lieut.-Col. J. W. W. Stephens, R.A.M.C., Professor of Tropical 
Medicine, and during its four years’ existence more than 3,000 cases 
were admitted. 

Subsequent to evacuation by the Military authorities, the 
decoration and equipment of the laboratories were put in hand, and 
to-day the School affords excellent conditions and facilities for 
instruction and research. 

The laboratories are situated in the University grounds, and 
dose to the Royal Infirmary, iq which the School has its Tropical 
Ward and adjoining clinical laboratory. In addition to the 
basement, which contains the Photographic Department find large 
storage rooms, there are four floors. The ground floor comprises 
the Lecture Theatre, with accommodation for about seventy 
students; the Library, where, besides text-books and miscellaneous 
scientific publications, over one hundred current medical journals 
from all parts of the world can be consulted; and the Museum, a 
spacious room, 80 feet by 69 feet, with preparation room adjoining. 
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On the first floor are the Departments of Tropical Medicine and 
Entomology,' the latter with its library of specialised literature, and 
six research rooihs. The second floor comprises the excellently 
lighted class laboratory, 69 feet by 58 feet, and four research rooms 
devoted to the Department of Parasitology, while the third floor 
has a large research laboratory and two smaller research rooms. On 
the roof are an Insectarium, a mosquito-proofed house, and the 
animal houses. 

The occasion of the official opening was marked by the issue 
of a volume* which traces * the history of the School from its 
foundation down to the year 1920. The main purpose of this 
publication was to perpetuate the -names of those who have been 
closely associated with the School in its varying activities in the 
past, and this aspect may here be briefly summarised before 
proceeding to an account of its scientific activities which, in the 
‘ Historical Record,’ are merely outlined. 

The Liverpool School of Tropical Medicine was founded in 1898 
by the late Sir Alfred Lewis Jones, K.C.M.G., a prominent 
Liverpool ship-owner, who, fired by an appeal for the study 
of tropical diseases issued by the late Rt. Hon. Joseph Chamberlain, 
then Secretary of State for the Colonies, offered to the President of 
the Royal Southern Hospital the sum of £350 for three years, to 
promote the special study of such diseases. Quarters were obtained 
in the Pathological Department at the University, and a Dean was 
appointed in the person of Professor Rubert Boyce, to whose tireless 
energy much of the early success of the School was due. In 
February, 1899, Dr. H. E. Annett was appointed Demonstrator in 
Tropical Pathology; in April, Major Ronald Ross accepted the post 
of Lecturer, and the School was officially opened; and in May 
teaching commenced. 

The early history of the Liverpool School is a record of struggle; 
it was not founded by the Government, as was the London School; 
it had no grant, no assured income, nor even, at first, Government 
recognition. The School early turned its attention to research, and 
in the summer of 1899 the first of its expeditions was despatched 
to Sierra Leone. During the next fourteen years funds were 

* Liverpool School of Tropical Medicine: Historical Record, 1898-1920. At the 
University Press, 1920. vi m, 103 pp., 36 plate*. 10/6 poet free. 
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collected to equip and maintain more than thirty expeditions to 
various tropical regions, including West and Central Africa, Brazil 
and the West Indies. 

In the meanwhile, at home the School was enlarging its scope 
and consolidating its position. In 1900 the Government gave it full 
recognition by placing it on the same terms as the London School 
with regard to newly-appointed medical officers and their courses 
of training, and four years later further recognition was received in 
the form of a financial grant from the Colonial Office, which grant 
was later increased and has continued to the present day. In 1901 
a Lectureship and Fellowship were founded, in commemoration of 
the work of the late Walter Myers, who died of yellow fever in 
Brazil while serving with the Fourth Expedition. Major Ross was 
appointed to the former, and the latter was filled by Dr. J. E. 
Dutton, who, four years later, died in the Congo while investigating 
tick fever. In 1903 the Alfred Jones Chair of Tropical Medicine 
was founded, the first holder being Major Ross, while Dr. J. W. W. 
Stephens, who had joined the staff in the previous year, was 
appointed to the vacant Walter Myers Lectureship. In 1905 
another important Lectureship was founded, namely, that of 
Economic Entomology, which was accepted by Mr. R. Newstead, 
of Chester. As the work and influence of the School increased, 
many new appointments were made, so that now, at the age of 
twenty-two, the School has three University Chairs,* namely, 
Tropical Medicine, Entomology and Parasitology, filled by 
Professors Stephens, Newstead and Yorke, respectively, assisted by 
a staff of eight Lecturers. 

In 1903 the School moved into new laboratories, and in the 
following year a Diploma in Tropical Medicine was instituted. 

In 1904 the Runcom Research Laboratories were established for 
the purpose of conducting investigations on the large collection of 
trypanosomes and other protozoa, which had been amassed by 
members of the expeditions on various occasions. These labora¬ 
tories were first placed in the charge of Dr. Wolferstan Thomas, and 
during their ten years’ existence much valuable research was done 
there. 

# A fourth Chair, that of Tropical Disease* of Africa, has now (1921) been established, 
and i» held by Professor B. Blacklock* 
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In 1906 «m jssued the first number of the Annals of Toofkd 
Medicine and Parasitology. This.publication had been preceded 
by a series of twenty-one Memoirs, mostly reports of the School's 
expeditions. 

In IQ! 1 the Yellow Fever Bureau came into being with 
Dr. Harald Seidel in as Director. As the name implies, the Bureau 
was established for the purpose of promoting the study of the many 
problems surrounding this disease. A journal was issued, the 
Yellow, Fever Bulletin, of which three volumes were published. 

Clinical instruction to students of the School had formerly been 
given in a special ward at the Royal Southern Hospital. This 
hospital being at some distance from the laboratory, arrangements 
were subsequently made with the Royal Infirmary for the erection 
of a new tropical ward in the Infirmary grounds. The ward, which 
contains ten beds, with an adjoining clinical laboratory, was opened 
in 1914. 

On the arrival of the Fifteenth (Yellow Fever) Expedition at 
Mandos in 1905, it was found necessary for the work of the 
Expedition to establish a laboratory of a more or less permanent 
character. The Manaos Research Laboratory remained in existence 
until January, 1909, when, owing to the return of its Director, 
Dr. Wolferstan Thomas, to Liverpool, it was closed. In June, 
1910, Dr. Thomas returned to Mandos and opened the present 
laboratory. In 1914 it was decided to extend the activities of this 
branch of the School; the outbreak of war, however, caused all 
developments to be deferred until 1919, when three research 
assistants were appointed to the laboratory. 

With a view to carrying on research work in tropical medicine, 
the School desired to establish a permanent laboratory on the West 
Coast of Africa. Funds were available, through the munificence 
of the late Sir Alfred Jones, and a suitable site on Tower Hill, 
Freetown, Sierra Leone, having been placed at the disposal of the 
School by the Colonial and War Offices, the laboratory is now in 
course of erection. 
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The following brief record of the research work of the School is 
dealt with under subjects; no attempt at a critical estimate has 
been made* 


MALARIA AND SANITATION 

The first Expedition left England in July, 1899, for Sierra 
Leone, and consisted of Major Ross, Dr. H. E. Annett, Dr. R. 
Fieldmg-Ould, Mr. E. E. Austen, officially appointed by the 
British Museum, and Dr. Van Neck, delegate of the Belgian 
Government to the School. The purpose of the Expedition was tp 
study malaria in man, and a report of the work accomplished was 
published in 1902 as Memoir II. The investigators discovered two 
species of Anopheles in Freetown, namely, A. funestus , Giles, and 
A. costalts, Loew, and by dissection established the presence of 
blasts (sporozoites) in them. They concluded that both A. costalis 
and A. funestus are hospitable to the human Haemamoebidae; that 
A. costalis is hospitable to all three of the human species, and 
A. funestus certainly to H. malariae , and probably H. vivax; no 
observations were made regarding the connection of A. funestus 
with H. praecox . They further pointed out the difference between 
Culex and Anopheles , and studied more especially the bionomics of 
the latter. ‘ Precautions against the bites of gnats' and ‘ operations 
for reducing the number of Anopheles * were fully considered. Dr. 
Fielding-Ould continued the work of the Expedition at Freetown 
after the other members had returned to England, and he also 
prosecuted his researches at Accra and Lagos, his report of which 
is included in Memoir II. At Freetown six of twenty-nine 
Anopheles dissected showed parasites. Seventeen Culex gave 
negative results. At Accra fifty-two Culex were negative. At 
Lagos thirty-seven Anopheles were dissected and zygotes found in 
one. The reports dealt mostly with the sanitary survey of the 
districts. 

In 1900 a third Malaria Expedition was sent to Northern and 
Southern Nigeria. This Expedition, which was composed of 
Drs. H. E. Annett, J. E. Dutton and J, H. Elliott, spent six months 
in Nigeria, and in Memoirs,III and IV reports were published of the 
work done, the former relating to malaria and the latter to filariasis 
(see p, 37)* Seven of two hundred and eighty-one Anopheles 
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dissected at Bonny were found to be infected with malaria; it was 
noted that it was difficult to decide what was the exact type of 
parasite present. The observation made by Koch and by the 
Royal Society’s Commission that native children are infected with 
malarial parasites to a large degree was confirmed; the incidence of 
infection is given in the following table. It was also proved that 


Table showing the total number of children examined and found infected 
throughout Nigeria. 


Age* 

Number examined 

Number infected 

———... m ---- 

Percentage infected 

05 

220 

lI 4 

51-8 

5-10 , 

, 108 

*7 

15 •£> 

10 + 

4 ° 

4 

10*0 


quartan and simple tertian parasites exist in West Africa, a fact 
contrary to the experience of the Royal Society’s Commission of 
the previous year. The bionomics of Anopheles were studied still 
further and a series of experiments in propagation carried out, 
confirming and elaborating the discovery of the previous Expedition 
that the female mosquito requires a meal of blood both for fertilisa¬ 
tion and for the development of the ova. In their recommendations 
concerning prophylaxis they advocated (i) the segregation of 
Europeans at a distance of about half a mile (a principle already 
put forward by the Royal Society’s Commission on Malaria also at 
work in West Africa), and (2) the surface drainage of areas around 
their quarters. In an appendix they gave charts and descriptions 
of cases of hyperpyrexial fever, first described by Thompstone and 
Bennett. The hyperpyrexial stage lasts one to three weeks, and is 
followed by very extended lysis. An exhaustive account was given 
in the second report ( Memoir IV) of the mouth parts of the female 
A. costalis, and, in an appendix by Theobald twenty-five mosquitoes 
were described of which nine were new species, namely, Stegomyia 
irriians, S. nigricephala , Cider duttoni , C. decens, C. pruina, 
C. invenustus, C. nebulosus, C. rima and C. invidiosus (with 
figures). 

In June, 1901, Major Ross and Dr. Logan Taylor went to 
Freetown to organise an anti-mosquito campaign. Work was 
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commenced by engaging the services of between thirty and forty 
men, who were divided into two gangs: the Culex gang and the 
Anopheles gang. The former collected from private houses all the 
broken bottles and buckets, empty tins, etc., in which Stegomyia 
and Culex breed; the latter drained the pools and puddles in which 
Anopheles breed in the streets and backyards of the houses. 
Reports on the progress of this campaign were published as 
Memoir V, Parts I and 2, and later Ross issued a small book: 

‘ Mosquito Brigades, and how to organise them.’ 

In September, 1901, Dr. Dutton went to the Gambia and 
inspected the conditions of health there, with the result that the 
Colony organised measures similar to those in operation at Freetown 
(Memoir X). About 32 per cent, of the infections examined 


Table showing the total number of children examined and found infected 
throughout the Gambia. 


Ages 

Number examined 

Number infected 

Percentage infected 

o-s 

7 * 


82*0 

5-10 

22 

! 

20 

91*0 ' 

to 4 * 

. 

*3 

7 ' 

S 3 * 


showed quartan parasites, and about a third of the malignant 
tertian cases showed crescents. The simple tertian parasite was 
found three times only. 

Dutton noted the universal infection of canaries with 
Halteridium , which was also found in other birds. 

Of twenty-four A. funestus dissected, one contained sporozoites 
and one zygotes. 

A. costaUs was found breeding in boats, street drains, wells, tubs 
and barrels, and in tidal water containing 17 per cent, salt, 
together with C. thalassius . It would appear that A. tunestus and 
its varieties are rural mosquitoes, while A. costalls is essentially 
town bred and capable of utilising any small collection of water for 
breeding purposes. 

In an appendix, descriptions of eighteen species were given by 
Theobald, including A . costaUs , var. melas\ A . funestus, var. 
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nmbrosus ; A. funestus, var. subumbrosus ; Sttgomyia albocephala, 
sp. n.; Cwfex tmnulioris, var. gambiensis, v. n.; C. anarmostws, 
sp. n.; C, thalassius, sp. n .; C. euclastus, sp. n.; Lasioconops 
foicitipes, gen. n., sp. n .; Corethra teratopogones, sp. n. Eight 
specimens of G. longipalpis var. tachinoides were taken. Dutton 
recorded the finding of a filarial embryo in the thoracic musde'of 
C. anarmostus. 

It was during his researches into the blood parasites of the 
Gambia that Dr. Dutton made a discovery of the highest scientific 
importance, namely, the identification for the first time of a trypano¬ 
some in the blood of a man, a patient of Dr. Forde. This parasite 
was subsequently (see p. 16) shown to be the cause of sleeping sickness, 
and was named Trypanosoma gambiense, Dutton, 1902. 

In 1901, Dr. C. Balfour Stewart was sent to the Gold Coast, to 
conduct operations similar to those carried on at Sierra Leone, while 
early in 1902 Major Ross again visited Freetown to ascertain 
by a thorough inspection the results of the previous Expedition. 
In the autumn of this year, Dr. Logan Taylor proceeded to Cape 
Coast Castle, Gold Coast, and reported upon the sanitary conditions 
prevailing there, with suggestions as to their improvement. 
(Memoir VIII). 

In September, 1902, by request of the Suez Canal Company, 
Major Ross went to Ismailia to investigate the causes of the 
prevalence there of malaria, and to recommend measures for its 
prevention. Anopheles and Culex were found breeding in water 
containing 0'9 per cent, of salt. He concluded that the majority of 
Anopheles which caused malaria in Ismailia came from the marshes 
in immediate proximity to the town. Prophylactic measures based 
on his recommendations were commenced immediately {Memoir IX). 
In February, 1904, sixteen months later, Professor Boyce visited 
Ismailia; from statistics furnished in his report {Memoir XII), it 
appeared that the number of cases of malaria had fallen from 1,551 
in 1902, to 209 in 1903. 

During 1904, two Sanitary Expeditions were despatched to West 
Africa: one to Bathurst, Conakry and Freetown, and the other to 
the Gold Coast. Reports were published in IQ05 as Memoirs XIV 
and XV. 

In May, 1906, Professor Ross went to Greece in order to advise 
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the Lake Copais Co. with regard to anti-malaria measures. In the 
following year, at the request of the Colonial Office, he visited 
Mauritius for the same purpose; his report, entitled ‘ The Prevention 
of Malaria in Mauritius/ was published in 1908 (Waterlow & Sons). 

In 1908, the Twenty-first' Expedition of the School, consisting 
of Professor Newstead, Dr. W. T. Prout and Dr. Alan Hanley, was 
despatched to Jamaica. Reports were published in the Annals of 
Tropical Medicine and Parasitology, Vol. Ill, pp. 421 and 471, the 
first, dealing with medical and economic entomology, by Professor 
Newstead (see p. 39), the second, on malaria, by Dr. Prout. From 
data furnished by Dr. Neish, of Spanish Town, the frequency of 
the various species of malaria parasite was found to be approxi¬ 
mately: simple tertian 54 per cent., malignant tertian 36 per cent., 
quartan about 1 per cente, and mixed infections about 8 per cent. 
The occurrence of several cases of blackwater fever was noted. The 
enlarged spleen rate in different parishes varied from o to 60 per 
cent. Prout found that the average percentage of malarial deaths 
to total deaths was nearly 20 per cent., that in four years the total 
admissions to hospitals from malaria had increased by 55 per cent., 
and that over 33 per cent, of the total admissions were due to 
malaria; it was reported that the annual cost of treating malarial 
patients was over £6,000. Various anti-malarial measures were 
recommended. In 1909, Boyce visited Jamaica, and reported upon 
the work done by the Commission appointed by the Governor in 
October, 1909, to deal with the malaria problem ( Annals , Vol. IV, 
p. 233). It was recorded that one-half of the island, namely, those 
parts above 1,000 feet, was practically free from malaria-carrying 
mosquitoes. 

Ross and D. Thomson, working in Liverpool, published a paper 
entitled ‘Some Enumerative Studies on Malarial Fever’ ( Proc . 
Roy. Soc., B., Vol. LXXXIII, p. 159, and Annals, Vol IV, 
p. 267). Some of the conclusions were: (1) No fever exists unless 
the parasites exceed from 500 to 1,500 per c.mm.; (2) the parasites 
tend to remain continuously in the blood in small numbers between 
the febrile relapses; (3) close correlation between the number of 
parasites and the amount of fever caused by them; (4) studies on 
quinine gave a numerical estimate of its effect, a few days’ use of 
the-drug reducing the parasites by from 50 per cent, to 80 per cent.; 
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(5) crescents apparently require eight to ten days for development; 
quinine affects their numbers only by destroying the generating 
cells. Thomson, who subsequently investigated the life history of 
crescents {Annals, Vol. V, p. 57), concluded that these do not live 
for more than a few days in the peripheral blood. They are 
replenished from surviving asexual forms, and quinine has no 
action on crescents but only on the asexual source of supply. * He 
concluded {Annals, Vol. VI. p. 223) that administration of quinine in 
doses of 20 grains daily for three weeks is almost certain to destroy 
both the asexual and sexual parasites. In a study of the leucocytes 
in malarial fever {ibid., p. 83), he stated that malaria could be 
diagnosed by the leucocytic formula. 

In 1912, J. G. Thomson and McLellan confirmed Bass’s observa¬ 
tions on the cultivation of malarial parasites. In twenty-four hours 
P. falciparum was found to undergo segmentation, the maximum 
number of merozoites counted being thirty {Annals, Vol. VI, 
p. 449). In the case of P. v'tvax {Annals, Vol. VII, p. 153), sixteen 
merozoites were produced. These cultures of P. vivax differed from 
those of P. falciparum in that there was no tendency to clumping. 
Further experiments in the cultivation of P. falciparum and 
P. vivax were made {ibid., p. 509), when it was noted that the 
optimum temperature for cultures was 38° C. 

Sinton, investigating Uriola’s test of malarial pigment in the 
urine {Annals, Vol. VI, p. 376), concluded that it is almost 
impossible to exclude extraneous pigment. 

In 1912, Dr. David Thomson was sent to Panama to study 
certain malarial problems with Dr. James, Chief Assistant 
Physician to the Ancon Hospital. * The first part of his report 
{Annals, Vol. VII, p. 125) dealt with the sanitation in the Canal 
Zone, Trinidad and British Guiana; the second {Annals, Vol. VIII, 
p. 85) with the origin and development of gametes in malignant 
tertian malaria. He noted that they develop chiefly in the bone 
marrow and in the spleen, the period of incubation being about ten 
days. 

While examining a malarial blood film sent from the Central 
Provinces of India, Stephens was struck by the peculiar appearance 
of the parasite {Proc. Roy. Soc., B.,Vol. LXXXVII, p. 375, and 
Annals, Vol. VIII, p. 119). It exhibited the following peculiarities: 
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(i) it was extremely amoeboid; (2) the cytoplasm was scanty; (3) the 
nuclear protoplasm was out of proportion to the volume of the 
parasite. It differed from P. falciparum by its amoeboid activity, 
and from P. vivax by its smaller size, the delicate nature of its 
amoeboid processes, the irregularity of its chromatin and the rarity 
of typical ring forms. Stephens proposed to name this parasite 
P. tenue. Later he described peculiar forms of a malaria parasite 
in a blood slide from the Gold Coast {Annals, Vol. IX, p. 169). 
Ill addition to these, large and apparently quite normal quartan 
parasites occurred, and it was possible to trace a transmission from 
normal ring forms to th&se in which chromatin particles or strands 
without aqy protoplasm were seen in the red cells. 

In 1917, the School was asked by the War Office to undertake 
investigations into the treatment of malaria; the results of this work 
were published in thirty papers ( Annals , Vols. XI-XIII). 

No case was considered to be malaria unless parasites were 
found. The results of treatment were in all cases controlled by 
daily microscopical examinations combined with the clinical record. 

Simple Tertian. The investigators established: (1) that intra¬ 
muscular injection of quinine bihydrochloride was an effective 
method of treating a malarial attack, a matter which had been one 
of considerable dispute in the medical press just previous to this 
work. (2) That for the palliative treatment of malaria, that is, for 
keeping a person free from relapses over long periods, it was better 
to give a certain total amount of quinine on each of two consecutive 
days than on each of six days in the week: thus, 60 grains 
administered as 30 grains for two days gives a better result than 
the same amount administered as 10 grains for six days. (3) The 
best palliative result was obtained by administration of 45 grains 
on each of two consecutive days weekly over a period of two 
months. (4) They found that a certain treatment may give a 
certain ‘ curative ’* result on one occasion, while the same treatment 
repeated on another occasion might give a quite different result. 
(5) Novarsenobillon was found to be as efficacious as quinine in tbe 
treatment of paroxysms, but its curative effect, like that of quinine, 
was practically nil. (6) The best ‘curative’ result was obtained by 

• The term cure was wed to signify no relapse within an observation period of 60 days 
after cessation of treatment 
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the administration of Liquor arsenicalis, minims 30, daily pver a 
period of eight weeks in combination with two initial intramuscular 
injections of quinine bihydrochloride, grains 15, on two days only. 
Owing to the Armistice, these observations were not repeated. 

The intravenous injection of quinine was found to have no real 
curative effect. 

The relapse period after treatment of eight hundred simple 
tertian cases was recorded (Annals, Vol. Xllf, p. 125). It is 
essential to recognise that these figures were based on an observation 
period of sixty days. The incidence is shown in the accompanying 
graphs. It will be seen that of those cases that relapse the majority 
do so in the first twenty days after cessation of treatment.. Further, 
the time of occurrence of the paroxysms was noted in one thousand 
cases (Annals, Vol. XIV, p. 365). The majority occurred at 
2 p.m. with the conditions of life under which the patients (soldiers) 
were living; over 90 per cent, occurred during the hours of activity, 
that is, between the hours of 7 a.m. and 6.59 p.m. 

Malignant Tertian. Neither a single nor a series of six 
intravenous injections of quinine bihydrochloride (grains 10 to 15) 
caused the disappearance of parasites, either trophozoites or 
gametes, from the peripheral blood, whereas in the case of simple 
tertian the disappearance was rapid. Under quinine treatment, 
grains 30 to 45 daily, crescents did not persist in the peripheral 
blood in the majority of cases for more than three weeks. How long 
they persist without quinine was not determined. 

In July, 1919, Blacklock and Carter recorded the experimental 
infection, for the first time, of Anopheles plumbeus with P. vivax. 
Experiments were made (Annals, Vol. XIII, pp. 187 and 413), with 
the result that the observers were able to obtain infections of the 
gut and salivary glands of laboratory-bred A. pltmbeus at a 
temperature of 28° C.; at room temperature gut infection only was 
obtained. Infection of the gut was also produced with P. vivax in 
the case of A. bifur cat us at 28° C. Later experiments (Annals, 
Vol. XIV, p. 275) with A. plumbeus resulted in gut infection with 
oocysts of P. falciparum at 28° C. 
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Graph i. 

Percentage of total relapses 
in each 20-day period. 


Graph 2. 

Percentage of cates treated 
which relapse in 
each 20-day period. 


Graph 3. 

Percentage of catei treated 
not having previously 
relapsed which do so in 
each 20-day period. 



Days after cessation of treatment. 
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BLACKWATER FEVER 

& 1907, the Nineteenth Expedition, consisting of Dr. Jv O. 
Wakeiin Barratt and Dr. Warrington Yorke, was despatched to 
Nyasaland to study blackwater fever, a repost being subsequently 
published in Annals, Vol. Ill, p. i. The object of the investigators 
was to trace out some of the* internal processes, the terminal event 
of which is the appearance of blackwater, believing that in that way 
many obscure points in connection with the causation and treatment 
of the condition would be cleared up. The first point was to 
determine the action of quinine, acid and alkafi upon the red 
cells during blackwater fever. They found that haemolysins, 
present in the blood, played no part in the production of black¬ 
water. It was considered that the suppression of urine" is due to 
a mechanical blocking of the renal tubes by the > formation of large, 
firm, coarsely granular casts in the ducts of Bellini. In a later 
study ( Annals , Vol. V, p. 287), on the suppression of urme in black¬ 
water fever, Yorke and Nauss re-investigated the mechanical theory 
and found that it is considerably facilitated by any factor which 
tends to lower the blood-pressure, and by that means the secretion 
of water by the glomeruli, but that if the blood-pressure is kept up 
by the injection of saline solutions, the tendency to suppression is 
decreased. Arising out of these latter experiments, the passage of 
haemoglobin through the kidneys was studied by Yorke {ibid., 
p. 401), who was led to consider that haemoglobin is excreted by 
the renal epithelium rather than filtered through the glomeruli, and 
that the amount of haemoglobin eliminated into the urine is 
dependent upon the activity of the epithelium lining the renal 
tubules. 

It was shown by Simpson {Annals, Vol. VI, p. 313) that the 
haemoglobin liberated from the red cells in malaria escapes m larger 
quantities by the faeces than by the urine. The study of haemo¬ 
globin metabolism in blackwater fever was continued, and a report 
made {Bio-Chemical Journal, Vol. V, p. 378) on the quantitative 
estimation of urobilin in the excreta. In later observations on 
haemolysis in malaria {Annals, Vol. VI, p. 231), Simpson concluded 
that the serum of malarial patients may possess the power of 
haemolysing normal red blood cells. The haemolytic effect could 
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not be obtained at all periods of the paroxysm, nor in every case; 
it appeared to be produced at the period of speculation, and rapidly 
disappeared. Simpson and Edi e (ibid., p. 443), observing the 
excretion of urobilin in animals and man, found that an increase 
may Occur after the administration of quinine in doses of 10 to 30 
grains a day, and that a similar result follow^ injection of blood 
pigment or haemolytic drugs. 

Experiments were devised by Barratt and Yorke ( Annals, 
Vol. VIII, p. 509) for examining the relation of bile pigments to 
haemoglobin. Experimenting with rabbits, they found that 
consequent upon intravenous injection of haemoglobin solution there 
was a distinct and immediate increase not only in the concentration 
of the bile pigment, but also in the amount of bile pigment excreted. 
Two hypotheses were advanced to explain this increase: (1) that 
the haemoglobin injected is actually converted by the liver into bile 
pigment; or (2) that it merely stimulates the liver cells to an 
increased production of bile pigment. 

Stephens ( Thompson-Yates Lab. Reports, Vol. V, Pt. 1, p. 193) 
recorded that blackwater fever occurred in eleven of twenty-two of 
the United States. An account was given of the distribution of the 
disease, and an extensive bibliography appended. An analysis of 
ninety-five cases showed that when the blood was examined before 
the onset of blackwater, malarial parasites were present in 95 6 per 
cent, of cases, whereas on the following day the remarkable fall to 
1 T 1 per cent, was the result. On the day of blackwater itself the 
figure was 61 '9 per cent. 

A series of studies in blackwater fever were made by Stephens 
(Annals, Vol. VII, p. 479). The subject was considered under the 
following headings: (1) malarial parasites; (2) pigmented leuco¬ 
cytes; (3) post-mortem examinations; (4) influence of malaria; 
(5) relationship to species of malaria parasites; (6) effect of period of 
residence; (7) seasonal prevalence; (8) correlation between milaria 
and blackwater statistics; (9) second attacks. A schedule for 
recording cases of blackwater was devised and recommended 
(Annals, Vol. VIII, p. 639). The results were recorded (Annals, 
Vol. IX, p. 201) of a statistical examination of the respective times 
at which quinine was given and blackwater occurred. Graphs were 
published showing that correlation existed between the time of 
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taking quinine and the onset of symptoms, but this did not 
necessarily imply any relationship of cause and effect. Data on the 
duration of haemoglobinuria were collected (Annals, Vol. IX, 
p. 539). In one hundred and sixty-seven records it was found that 
the duration was not more than twelve hours in a quarter of the 
cases, not more than one day in half the cases, and not more than 
two days in three-quarters of the cases. Finally, the importance of 
furnishing population statistics in connexion with cases of black- 
water fever was emphasised (Annals, Vol. X, p. 345). 

PIROPLASMOS1S 

At Runcorn, Breinl and Hindle studied the morphology of Piro -« 
plasma cants (Annals, Vol. II, p. 233), and worked out the nuclear 
details of the parasite. Later, Breinl and Annett (ibid., p. 383) 
concluded that the haemolysis in Piroplasma cams is not due to a 
formation of a specific haemolysisin or isolysin, but to the mechanical 
disintegration of the red blood corpuscles after the escape of the 
parasites from them. Barratt and Yorke found that in piro- 
plasmosis the haemoglobinuria was attended with and dependent 
upon haemoglobinaemia. Of one hundred and forty-three cattle 
examined at Sierra Leone (Annals, Vol. IX, p. 418) about 5 per 
cent, were found to be infected with P. bigeminum, while Theileria 
mutans was encountered in between 20 and 30 per cent. 

TRYPANOSOMIASIS 

In view of the great importance of the discovery of the trypano¬ 
some in man by Dr. Dutton* in 1901, described and named by him 
T. gambiense (Thompson-Yates Reports, Vol. IV, p. 455), an 
Expedition was sent out to the Gambia and French Senegal 
in September, 1902, in charge of Dr. Dutton and Dr. J. L. Todd, 
for the study of Trypanosomiasis. While these investigators were 
at work abroad, the first case, that of a European who had returned 
with Dr. Dutton in 1901, remained in Liverpool, and Dr. Annett 
infected monkeys and 25 per cent, of tame rats successfully, but did 
not succeed in infecting tame mice, rabbits or guinea-pigs. One of 
the infected monkeys died, but the other recovered, and no parasites 


For the history of the discovery see Boyce, Ross and Sherrington, Lancet , Feb. 21,1903. 
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could be found by sub-inoculation into rats. The results of his work 
were incorporated in the report of the Expedition ( Memoir XI). On 
reaching the Gambia, one thousand and forty-three natives were 
examined, the majority of whom were children or young adults, and 
apparently healthy; six were found to be infected. Trypanosomes 
were also found in the blood of a quadroon. Clinical descriptions 
were furnished in the report of these first eight cases of trypano¬ 
somiasis, of which those of the European and the quadroon 
terminated fatally after a duration of about eighteen months. Of 
thirty-six horses examined, ten were found to be infected with 
trypanosomes. Transmission experiments were made with Glossina 
falfalis and later with Stomoxys, but with negative results. A 
series of inoculations were made of the human and equine trypano¬ 
somes in experimental animals, the results of which led Dutton and 
Todd to the conclusion that the parasites were not of the same 
species; the Gambian horse trypanosome was subsequently named 
T. dhnorphon. Several new species of flagellates occurring in 
birds, mice, tortoises, etc., were described in this report, including 
T. johnstoni, T. mega and T. karyzeukton. 

Prior to the return of this Expedition, the discovery of trypano¬ 
somes in the cerebro-spinal fluid of cases of sleeping sickness in 
Uganda by members of the Sleeping Sickness Commission of the 
Royal Society, caused the subject of trypanosomiasis to assume great 
importance. At the invitation of King Leopold, an Expedition was 
sent in 1903 to study sleeping sickness in the Congo Free State, 
consisting of Drs. Dutton, Todd and Christy. The results of these 
investigations were incorporated in Memoir XIII, and illustrated the 
occurrence and distribution of trypanosomiasis, described the 
symptoms of the disease in all its stages, both in Europeans and 
natives, and showed how sleeping sickness, so-called, is related to 
trypanosomiasis as a symptom of that disease. 

They first stated that they were unable to find any difference 
between the trypanosome occurring in cases of sleeping sickness in 
the Congo and T. gambiense. There was a very evident clinical 
connection between cases with only very slight symptoms (trypano¬ 
soma fever) and advanced cases of * sleeping sickness.’ In twenty- 
five of thirty-eight cases they found parasites in the cerebro-spinal 
fluid, adopting Quincke’s new method of diagnosis by lumbar 



puncturts. They infected rats, mice, rabbits, guinea-pigs, and 
studied the morphology of the Congo and Gambian trypanosome in 
animals. They noted that about 50 per cent, of such inocula¬ 
tions failed, and that they didmot succeed in infecting two dog-face 
monkeys ( Cynocephalus species). 

In the combined areas of Leopoldville, Boma, Matadi and the 
Cataract Region, among a total of 1,172 persons examined, 8'8 per 
cent, were infected, while of these latter 55 per cent, had been 
diagnosed as cases of sleeping sideness. In the Gambia, the 
previous Expedition had examined 1,043 natives, of which six only 
harboured trypanosomes, and showed no definite symptoms. 

Numerous lumbar punctures were made, and it was noted that 
m many cases the trypanosomes never find their way into the 
cerebro-spmal fluid, and in those cases in which they do they are 
more likely to be found towards the termination of the disease; if 
they gain access early in the disease, mania and other cerebral 
symptoms are more likely to be prominent, but their entrance is in 
no way correlated to the commencement of the fever or other 
symptoms. In two later papers ( Memoir XVI, p. 97, and Memoir 
XVIII, p. 1) on gland puncture in trypanosomiasis, the observers 
favourably compared this with other methods of demonstrating the 
presence of parasites. Following the work of Greig and Gray, they 
concluded that by gland puncture, cases infected with trypanosomes 
could be recognised at a much earlier period than hitherto. They 
also, for the first time, observed a phenomenon frequently seen in 
cases of trypanosomiasis, namely, auto-agglutination of the red 
cells. The distribution of sleeping sickness m the Congo’’Was 
subsequently studied ( Memoir XVIII), it being concluded that the 
increase during recent years was due, in a great measure, to the 
increase in travel following the opening up of the country. In a 
subsequent report {Annals, Vol. I, p. 233), the trypanosomiasis of 
cattle was dealt with. The investigators found that this disease 
was very widely distributed in the Congo, the infecting parasite 
being usually T. dimorfhon. It was also observed that domestic 
animals probably acquire a relative immunity to some strains of 
trypanosomes, and may even recover spontaneously. Trypanosomes 
were found in horses, mules and donkeys as well as in cattle, and 
also in Tragelapkus script us. 
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Thomas, assisted by Linton and Breinl (Memoirs XIII and 
XIV), established by a long series of experiments that trypanosomes 
found in (a) the cerebrospinal fluid of Uganda sleeping sickness 
cases, ( b ) the cerebrospinal fluid and blood of Congo sleeping 
sickness cases, (c) the blood of Congo ‘ trypanosome fever’ cases, and 
id) the blood of Europeans infected in the Congo, were identical in 
animal reactions add morphology with T. gambiense, Dutton. It 
was also found (i) that the periodicity of the parasite is a prominent 
feature, both in man and beast ;*(2) that the passing of a strain from 
a susceptible into a very resistant animal does not attenuate the 
organism, and that the morphological character is retained after 
being passed through many hundreds of animals for nearly three 
years; (3) that the parasites in an animal may sometimes become 
more virulent, that such a strain may be particularly virulent for one 
species of animal, and that the more rapid infection is not due to 
the inoculation of a greater number of parasites than usual. In 
addition to T. gambiense and T. dimorphon, other pathogenic 
trypanosomes were procured, and comparisons made between the 
above organisms and T . evansi, T. brucei, T. equinum and 
T. equiperdunt. Cultivation of the different parasites was also 
undertaken with success. Breinl gave a detailed account of the post¬ 
mortem changes in four cases of sleeping sickness (Memoir XVI). 

Extensive research was conducted into the treatment of trypano¬ 
somiasis, with the result that two drugs only were found to be of 
any value in the disease, namely, arsenic and ‘ Trypanroth’. 
Thomas introduced atoxyl, a meta-arsenic anilin compound, a drug 
which causes no pain on sub-cutaneous injection and may be 
administered over a period of many months. He stated that it was 
‘ the only remedy at present giving a prospect of a cure.’ Although 
atoxyl would almost invariably cause the trypanosomes to disappear 
from the peripheral blood yet since the parasites frequently 
reappeared, it seemed possible that they might exist somewhere else 
in the body of their host in a form uninfluenced by the drug. Series 
of experiments were, therefore, undertaken by Benjamin Moore and 
Nierenstein, of the Bio-Chemical Department, and Todd. They 
found that in the treatment of rats infected with T. brucei the 
administration of atoxyl, followed by bichloride of mercury, gave 
better results than treatment by atoxyl alone. 
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Moore, Nierenstein and Todd, continuing their researches on the 
treatment of experimental trypanosomiasis {Annals, Vol. II, p. 265), 
found that in small animals, such as rats and rabbits, infected with 
T. brucei , the results of treatment by atoxyl followed by mercury 
salts were far superior to treatment by atoxyl alone; in large 
animals, as donkeys, on the other hand, the combined treatment 
was not found to be efficacious enough to be of practical value. 
These workers also studied the effects of therapeutic agents on 
trypanosomes in respect to {a) acquired resistance of the parasites to 
the drug, and ( b ) changes in virulence of the strains after escape 
from the drug {ibid., p. 221). Further bio-chemical research into 
the subject was made by Nierenstein, who observed the acidity and 
alkalinity of the blood in trypanosome infections, and found that 
whereas the total acidity of the blood serum showed a marked 
increase, the total alkalinity remained constant {ibid., p. 227). 
Later he made an extensive study of the chemo-therapeutics of 
atoxyl {ibid., pp. 249, 323 and 329). Breinl conducted some 
experiments on the combined atoxyl-mercury treatment of monkeys 
infected with T. gambiense {ibid., p. 34s), and demonstrated that 
in five cases out of six, the administration of acetylated atoxyl and 
sublimate, and Donovan’s solution, to monkeys {Cercopithecus 
callithricus), effected a complete cure. As the result of Plimmer and 
Thomson’s discovery of the trypanocidal action of antimony, Breinl 
and Nierenstein investigated the action of aryl-stibinic acids in 
experimental trypanosomasis {ibid., p. 365), and showed that both 
p. and m. amino-phcnyl-stibinic acids are fairly powerful trypano- 
cides, the former being superior in its action. Owing to the 
satisfactory results obtained in laboratory animals, a trial of the 
former compound in sleeping sickness patients was advised, the dose 
suggested being the same as for atoxyl. 

In May, 1907, the Eighteenth Expedition of the School, 
consisting of Dr. Allan Kinghorn and Mr. R. E. Montgomery, was 
despatched to Rhodesia and British Central Africa to study the 
trypanosomiases of men and animals {Annals, Vol. II, pp. 53, 97, 
333 and 387; Vol. Ill, pp. 259, 277 and 311). It was found that 
sleeping sickness had already invaded N.E. Rhodesia, the first case 
being seen in the Luapula division, adjoining the frontier of the 
Congo. Glossina surveys were made, and the suggestion first 



advanced that GL palpalis and Gl. fusca were not the only 
transmitters of the disease, GL morsitans having also been observed 
in infected areas. Gland palpations were made in 26,928 natives, 
of whom 17*05 per cent, were found to have palpable glands. The 
percentage of positive punctures was 777. The workers confirmed 
the belief of Dutton and Todd that gland palpation, combined with 
puncture, is a most useful measure, being a practical method of 
isolating infected natives, and preventing any rapid extension of 
the disease. It was found that there were between fifty and sixty 
known cases of sleeping sickness in the country. The mode of 
introduction and prophylaxis of the disease were studied, and 
regulations drawn up by this Expedition were adopted and enforced 
by the Government. 

Concurrently with the research into human trypanosomiasis, the 
Expedition pursued an enquiry into trypanosomiasis of domestic 
stock in North-Western Rhodesia, in the course of which it was 
established that the disease was very prevalent in that area, and 
was due to T. dimorphon , T. vivax and a trypanosome morpho¬ 
logically allied to T. brucei. These trypanosomes could be 
transmitted by 67 . morsitans , by Stomoxys calcitrans and by a 
species of Lyperosia. The question of association of big game and 
67 . morsitans was considered, the opinion being that the distribu¬ 
tion of 67 . morsitans is entirely dependent upon the nature of the 
country and its flora, that the association with the fauna is largely 
fortuitous, and that a perpetual supply of mammalian blood is not 
imperative, at least to its temporary existence. 

The classification of trypanosomes was attempted, the observers 
dividing the thirteen named species in the following way: — 
T, theileriy T. equinum , T. gambiense and T. equiperdum y easily 
recognised by their morphology or animal reactions; the nine 
remaining species sub-divided into three groups having as 
their types:—(1) T. evansi (with T. brucei and T. sudanense). 

(2) 7 . dimorphon (with T. congolense and T. pecaudi , and 

(3) 7 . nanum (with 7 . vivax and 7 . cazalboui). 

Research was undertaken into many other points, and included 
observations on the parasites occurring in the intestine of 67 . palpalis 
and in the intestine and proboscis of GL morsitans. 

The many problems o£ trypanosomiasis continued to occupy the 
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energies of the staff at Runcorn. Yorke took up the study of 
immunity m trypanosome diseases. He was aide to prove (Annals, 
Vol. Ill, p. 565) that a diminution of the haemolytic complement 
obty takes place m the last stages of the disease, and that, in an 
experimental case, the complement had practically vanished shortly 
before die death of the animal, when the blood was swarming with 
parasites. He also worked on the protective action of the serum of 
a nim ate in a state of chronic infection or immune to various kinds 
of trypanosomes. Later, he investigated the condition of the blood 
which gives rise to the phenomenon of auto-agglutwatioa of the red 
blood cells in animate infected with trypanosomes and to sleeping 
sickness m man (Proc Roy. Soc , Ser. B, Vol. LXXXIII, p 238, 
and Annals, Vol. IV, p 529"). Experiments showed that auto-, iso- 
and hetero-agglutinin exist m the blood of many normal animals, 
and are frequently present in much greater amount In the blood of 
infected animals Apart from infection with trypanosomes, well 
marked auto-agglutination was found to be an extremely rare 
phenomenon Ross and Thomson studied a case of sleeping 
sickness and demonstrated a regular periodical increase of the 
parasites (Annals, Vol. IV, pp. 261 and 395). These workers 
confirmed the claim that there is a life cycle of trypanosomes m the 
vertebrate host (ibtd. , p. 465). In 1910, Stephens observed a 
marked peculiarity in the morphology of a trypanosome from a rat 
supposed to be infected with T gambiense. This parasite was 
described by himself and Fantham (Annals, Vol IV, p. 343), the 
animal reactions observed by Yorke (ibid. , pp 351 and 385), and a 
new species was founded, to which the name T. rkodesteme 
Stephens and Fantham was given, based on the peculiar posterior 
position of the macronucleus. It was later established that T brucei 
exhibits this peculiarity. 

In 1911, the Twenty-seventh Expedition of the School, consisting 
of Dr. J. L. Todd and Dr. S. B. Wolbach, was despatched to the 
Gambia to investigate sleeping sickness. Reports of the work done 
were published m the Annals, Vol. V, p. 245. 

In the course of this investigation, 12,298 persons were palpated, 
and the observers put on record their opinion that gland palpation 
and puncture was by far the best procedure for the diagnosis of 
trypanosomiasis. It was found that at least 0*8 per cent, of the 
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population of the Gambia was infected with trypanosomes. Strong 
recommendations were made for the control of the disease in the 
Gambia, including a continued examination of the whole population, 
the est ablish m en t of villages for isolation, observation and treat¬ 
ment of cases, and the appointment of a special staff for the 
administration and execution of these projects. Stannus and 
Yorke examined in rats the parasite from a case of sleeping sickness 
contracted in Nyasaland (ibid., p. 443), and were convinced that 
the trypanosome in question was not T. gambiense but probably 
identical with T. rhodesiense, which it resembled very closely, 
having a posterior nuclear form. A study was made by Yorke and . 
Blacklock of the trypanosomes from a horse naturally infected in the 
Gambia ( ibid., p. 413). The parasites consisted of a long form 
with a free flagellum, and also a short form without a free flagellum. 
The former was considered, from its morphological appearance and 
animal reactions, to belong to the T. vivax group; the latter form 
was subsequently identified ( Annals , Vol. VI, p. 107) as 
T. dimorphon , sensu Laveran and Mesnil. Blacklock measured 
one thousand examples of this form, and found that the average 
length was 13*30 ( Annals , Vol. VI, p. 287). Measurements of.one 
thousand examples of T. vivax in goats were made by Blacklock, 
the average length being 27*70 ( Annals, Vol. V, p. 521). He also, 
using the same strain of T. vivax, measured fifty trypanosomes 
drawn from a rat and a rabbit respectively. In the former the 
average length was 21*10, in the latter 20*80 (ibid., p. 537). 

In 1911, at the request of the British South African Co., 
Dr. Kinghom and Dr. Yorke were.sent to Rhodesia (Luangwa 
Valley) to study sleeping sickness. It was quickly placed beyond - 
doubt that Gl. morsitans was the carrier of the human trypanosome 
(Annals, Vol. VI, p. 1). The investigators inoculated rats from 
twelve cases of human trypanosomiasis, eleven of which occurred in 
villages in the Luangwa valley. In every instance they observed 
the posterior displacement of the macronucleus, characteristic of the 
trypanosome described by Stephens and Fantham; the animal 
reactions agreed in all respects with those obtained from infection 
with T. rhodesiense. Elaborate transmission experiments with 
both wild and laboratory-bred Glosstna morsitans were successfully 
carried out in rats and monkeys; the duration of the cycle in the 



M 

fly (approximately fourteen days) was found to be shorter than in 
experiments of previous investigators with Gt. palpalis and 
Gl. morsitans. It was observed that an infected fly retains the 
power of transmitting the disease during its life, and is infective 
at each meal, but that mechanical transmission does not occur if a 
period of twenty-four hours has elapsed since the infecting meal. 
Certain species of buck, viz., waterbuck, hartebeest, mpala and 
warthog, were found to be infected with the human trypanosome, 
as well as a native dog. Later (Annals, Vol. VI, p. 269), it was 
found that 16 per cent, of the local game were infected with 
T. rhodesiense, and it was established that the game and fly 
strains were identical with the human trypanosome. In all, six 
species of tryanosomes were found in game and domestic stock 
in the Luangwa Valley (Annals, Vol. VI, p. 301), namely, 
T. rhodesiense and T. pecorum, transmitted by Gl. morsitans and 
probably by insects other than tsetse-flies; T. vivax and 
T. nanum, probably transmitted by Gl. morsitans; and two others, 
one of which was possibly T. montgomeri. At least 37 5 per cent, 
of the buck were found to harbour pathogenic trypanosomes. In a 
later report (ibid, p. 317) a new trypanosome, T. ignotum, 
infective to monkeys and a rabbit, was described. The vertebrate 
host was not discovered. This trypanosome is now known as 
T. simiae, having been previously found in the same year by the 
Royal Society S.S. Commission. Still later (Annals, Vol. VII, 
p. 254), descriptions were given of T. multiforme, sp. n., and of 
T. tragelaphi, the latter closely resembling T. ingens. In the course 
of experiments in the development of T. rhodesiense in Gl. morsitans 
(Annals, Vol. VI, p. 405), it was observed that the cycle was 
influenced to a marked degree by the temperature to which the flies 
were subjected, high temperatures (75 0 to 85° F.) being favourable 
and low ones (6o° to 70° F.) unfavourable to the development of the 
parasites. Parasites might persist in the fly at at incomplete stage 
of their development for at least sixty days under unfavourable 
climatic conditions. It was found (Annals, Vol. VI, p. 495) that 
in every fly capable of infecting animals with T. rhodesiense the 
salivary glands were invaded, also that on every occasion on which 
the salivary glands were infective the trypanosomes in the intestines 
were Virulent. Invasion of the salivary glands was only observed 
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in the ca** of flies infected with T. rhodesiense and not in the case 
of any other trypanosomes met with in the Luangwa Valley 
or on the Congo-Zambesi watershed. It was calculated that 
approximately 3‘5 per cent, of the flies might become permanently 
infected and capable of transmitting the virus {Annals, Vol. VII, 
p. 183). The chief reservoir of the human trypanosome was found 
to be the antelope. Stephens and Fantham {Proc. Roy. Soc., B, 
Vol. LXXXV, p. 223, and Annals, Vol. VI, p. 131) made a 
bionomic study of T. rhodesiense. One thousand specimens were 
measured, and it was found that the average length was 23'6/w, as 
compared with T. gambiense 22'i/u, and T. brucei 23'2/t. The 
average length of T. rhodesiense in man and other species of animals 
was ascertained. Those in the rat were found to be the longest 
( 24 ‘ 5/0 and those in the rabbit the shortest (19*4/*). Of the three 
species T. rhodesiense was found to be richest in long and poorest in 
intermediate forms. Another series of measurements was under¬ 
taken {Annals, Vol. VII, p. 27), when each day, for the first ten 
days of infection, one hundred trypanosomes from the same rat 
were measured, the results being again compared with T. gambiense. 
It was found that the day of infection was of great importance, as 
there was a great variation in the percentage of ‘ stumpy ’ forms on 
different days, e.g., 53 per cent, on the seventh day to 5 per cent, 
on the tenth day. The larger the sample of trypanosomes taken, 
the smaller the variation in the average length. 

J. G. Thomson succeeded in cultivating T. rhodesiense by the 
use of a modification of the Novy-MacNeal-Nicolle medium. The 
changes taking place in the trypanosomes were described {Annals, 
Vol. VI, p. 103), and it was noted that when development was 
rapid two distinct types could be distinguished on the fourth day. 
In cultures which develope more slowly the trypanosomes disappeared 
about the third or fourth day, reappearing about the sixth, and on 
the eighth day spirillar forms were seen to be splitting off. 
Differentiation into the so-called ‘ male ’ and ‘ female ’ forms took 
place during the eighth, ninth and tenth days. Inoculation of 
animals from the cultures was unsuccessful. In a subsequent 
investigation with J. A. Sinton {ibid., p. 331), Thomson 
successfully cultivated T. gambiense as well as T. rhodesiense, the 
former for a period of thirty-seven days, the latter for twenty-one 
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days only. The life history of these trypanosomes in culture tidies 
was similar to that occurring in the gut of the insect host. The 
cultures lost their infectivity after the third day, and it was 
suggested that probably their transference to a new medium or 
environment similar to that of the salivary glands of .the tsetse fly 
might be required to permit the full history of the trypanosomes 
being completed. Blacklock observed the vitality and changes 
undergone by trypanosomes m the cadaver of the animal host 
{ibid ., p. 55). He found that T. gambiense and T. rkodesieme 
can remain infective in the blood of the dead animal for forty-eight 
hours. Blacklock also made a study of the posterior nuclear forms 
of T. rhodesiense in rats {Annals, Vol. VII, p. 101). He found 
that they first appeared in the blood from the sixth to the tenth 
day of the disease,-in a count of a thousand trypanosomes, that 
they- increased m numbers in the later stage of the disease, and 
that they increased relatively to other forms of trypanosomes. They 
showed definite powers of resistance to disintegration m the cadaver 
of the animal host. It was suggested that such forms might occur 
as a constant constituent of certam strains. 

Stephens and Blacklock made a morphological study of 
T. brucci (.the Zululand strain) and of the trypanosome of the same 
name from the Uganda ox {Annals, Vol. VII, p 303). They 
asserted the non-identity of the two strains, and proposed for the 
latter the name T. ugandae Blacklock and Yorke {ibid , p. 603), 
studying the pathogenicity of T. congolense (Broden) and T. nanum 
(Laveran), came to the conclusion that they were the same parasite. 

Yorke and Blacklock studied the characters of the more 
important mammalian trypanosomes {Annals, Vol. VIII, p. 1), and 
compiled a convenient table of the mam differential points. The 
value of the cycle of the trypanosomes in their invertebrate hosts as 
an aid to differentiation of species was also put forward. 

Todd re-examined the flagellate found by Dutton m 1902 in 
the blood of Gambia house mice, and came to the conclusion that 
it was T. acomys {ibid,, p. 469). 

Yorke and Blacklock experimented with antimony trioxide in 
the treatment of experimental trypanosomiasis {ibid,, p. 55), 
controlling and extending some of the work of Kolle and others on 
the use of this drug. Various strains were used in the experiments. 
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It was found that small animals could withstand a relatively much 
larger quantity of the drug than large ones. Post-mortem evidence 
proved that the proportion absorbed during a period of six months 
was exceedingly small. A certain number of cures would seem to 
have resulted, as several animals remained negative without relapse 
for over two hundred days, and sub-inoculated animals were not 
infected. Most strains appeared very susceptible to the drug, but 
T. gambiense and T. lewisi proved refractory. 

Seidelin tested the effect of salvarsan-copper on white rats 
infected with a strain of trypanosomes of the T. brucei group kept 
in guinea-pigs and rats in West Africa ( Annals , Vol. IX, p. 197). 
The best results were obtained with the injection of a dose of 
0 0064 g m -; in such a case the trypanosomes disappeared from the 
blood on the following day and remained absent for fifteen days, 
death occurring on the twenty-eighth day; in several other cases 
the life of the animals was prolonged for a few days more. 

The Thirty-second Expedition of the School, consisting of 
Drs. Yorke and Blacklock, was despatched to Sierra Leone in 1914. 
Research was undertaken into the bionomics of G. palpalis in Sierra 
Leone, with special reference to its pupal habits (Annals, Vol. IX, 
p. 249). It was found that the breeding-grounds of G. palpalis 
arc not so strictly limited to the immediate vicinity of water as had 
hitherto been believed. Mangrove swamps do not constitute a 
breeding-ground. The pupae do not hatch when subjected to daily 
flotation cn sea water. The ground around the trunk of oil palms 
which have not been stripped of their lower petioles constitutes an 
excellent breeding-place for G. palpalis ; they can breed in localities 
in which practically the only tree is the oil palm. A study of the 
food of O', palpalis in the Cape Lighthouse Peninsula, Sierra Leone 
(ibid ., p. 363), showed that about 8 per cent, of the wild G. palpalis 
in that district contained recognisable red blood cells—7 per cent, 
of mammalian origin and 1 per cent, nucleated red cells of unknown 
origin. Neither shed blood nor other fluid which is exposed (not 
covered by a membrane) can be imbibed by G. palpalis. Fluids 
such as solutions of sugar, sodium chloride, etc., protected by a 
membrane (eg-, thin rubber sheeting), were taken up, but less 
quickly and readily than blood. It was thought that in nature 
G. palpalis may, under certain conditions, take up fluids other than 
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blood. The human trypanosome ( 7 \ gambiense ) was discovered in 
an ox in Sierra Leone ( [ibid ., p. 383), thus demonstrating that 
domestic stock forms a reservoir for the virus of sleeping sickness. 
Among other animal parasites found in domestic stock in Sierra 
Leone (ibid. , p. 413), T . congolense and T . vtvax were most 
commonly encountered. Trypanosomiasis of cattle was common. 
Of one hundred and forty-three examined, trypanosomes were found 
in nineteen after a single examination. 

In 1919, Escomel recorded the discovery of trypanosomes in the 
blood of a patient coming from Peru, which he described and 
considered to be Schizotrypanum cruzi. Yorke, examining this 
description, was led to doubt, on morphological grounds, whether 
the identification was correct, and proposed for this Peruvian 
parasite the name T . escomeli , in recognition of its discoverer. A 
feature of the symptomatology of the case was the overpowering 
somnolence from which the patient suffered, a symptom not hitherto 
noted in Chagas* disease, although a striking feature of the African 
trypanosomiasis of man ( Annals , Vol. XIII, p. 459). 

Macfie described a trypanosome found in the blood of a snake, 
Naja nigricollis , in the Gold Coast, resembling in some degree 
T. primeti , but differing from it in size and proportion. He 
proposed for it the name T. voltariae (Annals, Vol. XIII, p. 23). 

YELLOW FEVER 

In 1900, the Fourth Expedition, consisting of Drs. H. E. 
Durham and Walter Myers, went to Brazil to study yellow fever. 
Dr. Myers died of the disease in January, 1901, while Dr. Durham, 
who also contracted it, recovered and published a report of the work 
of the Expedition (Memoir VII) in 1902. 

The U.S. Yellow Fever Commission in Cuba had not yet 
established the transmission by Stegomyia when the Liverpool 
Expedition set to work at Para; for which reason the course of their 
investigation was chiefly directed at first to the search for 
some protozoal parasite. Only seventeen autopsies on yellow fever 
cadavers were obtainable. An extremely slender filiform bacillus 
was observed to occur constantly in the tissues and intestines, and 
much time was spent in isolating it and in attempts at cultivation. 
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Dissection of specimens of Culex fatigans captured in suspected 
houses showed large numbers of a similar bacillus. Owing to the 
death of Dr. Myers, the research came to an end. 

In 1905, Professor Rubert Boyce was despatched by the School 
to New Orleans, to observe the work of the U.S. Medical Authorities 
in dealing with the outbreak of yellow fever there. In Memoir XIX 
Boyce gave an account of the vigorous campaign which was 
successful in ridding the city of Stegomyia. Subsequently, at the 
request of the Colonial Office he visited Honduras to make a 
report on the conditions existing in that Colony with reference to a 
recent outbreak of yellow fever (Waterlow & Sons, 1906). 

In April, 1905, a second Yellow Fever Expedition was sent to 
the Amazon, the members being Dr. Wolferstan Thomas and 
Dr. Breml. A permanent laboratory was established so that 
patients could be kept under continued observation, and experiments 
inaugurated which would have been impossible under other 
conditions. Series of reports by Thomas were published in 
the Annals, Vol. IV, p. 1. It was recorded that the most serious, 
disease to which the foreign population was liable was yellow fever, 
and this disease was made the object of extensive investigation. 

‘ Chimpanzees have been successfully inoculated; rabbits and guinea- 
pigs exhibited certain reactions when inoculated with infective 
blood from yellow fever cases or subjected to the bites of infected 
S. calopus.' (See also Trans. Soc. Trop. Med. and Hyg., Vol. Ill, 
p. 59.) The resources of the laboratory in Manaos were placed at 
the disposal of the State, the doctors, the hospital and the poor of 
the city. Examinations of blood, agglutination reactions for 
typhoid and paratyphoid, bacteriological examinations of water 
and milk, post-mortems and pathological reports were made, and 
the laboratory so conducted as to be of the greatest possible service 
to the community. Papers on ‘ Oesophagostomiasis in Man’ and 
the condition known as ‘ Mossy Foot ’ were published in the Annals, 
as also an article on the ‘ Mosquitoes of the Amazon region ’ by 
Newstead jointly with Thomas. 

In 19*0, at the request of the Colonial Office, Professor Boyce 
was despatched to the Gold Coast and Sierra Leone, to report on 
the outbreak of yellow fever at those places {Trans. Sac. Trop. Med. 
an'd Hyg., Vol. IV, p. 33). It was observed that the so-called 
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classical type vt yellow {ever was comparatively rare amongst native 
races, and the reason was advanced that natives are partially 
immunised by being bom and brought up in an endemic area 
(Annals, Vol. V, p. 103). Those removed in childhood from such 
an area become non-immune, and therefore liable to succumb to an 
epidemic. 

In 1911, the study of yellow fever was taken up with energy by 
Professor Boyce, who suggested and superintended the establish¬ 
ment of a Yellow Fever Bureau at the Liverpool laboratories. A 
Bulletin was issued, in which the Director of the Bureau, Dr. Harald 
Seidehn, and other investigators published the results of their 
researches. Abstracts of reports from all over the world were also 
made, and reviews published of current literature on yellow fever 
and allied subjects, including pappataci fever and dengue. 
Research was undertaken into the etiology, diagnosis and treatment 
of yellow fever. Seidelin observed the occurrence of protozoon-like 
bodies in the blood and organs of yellow fever patients (Journ. Path, 
and Bad., Vbl. XV, p. 282). At a meeting of the Society of 
Tropical Medicine and Hygiene, in January, 1911, these organisms 
were demonstrated in preparations of the blood and sections of the 
kidney, and later ( Yellow Fever Bulletin, Vol. I, p. 229), Seidelin 
described their morphology, and proposed for them the name of 
Paraplastna flavigenutn, g. n., sp. n. In December, 1911, he was 
despatched to Yucatan, where an epidemic of yellow fever was 
raging; a report of this Expedition was published in Yellow 
Fever Bull., Vol. II., p. 123. The total number of cases officially 
diagnosed during the outbreak was seventy-three, with thirty-eight 
deaths. The existence of a ‘ microbe carrier ’ was put forward as' 
being responsible for the maintenance of the virus during periods 
when the disease is latent, it being suggested that the fragile 
infected Stegomyia could not be the lasting reservoir. It was also 
considered that one attack does not necessarily confer immunity. 
The usually mild form of the disease in natives was said to be due 
either to an unrecognised infection in childhood or to the hereditary 
transmission of anti-bodies from immune parents. Clinical features 
erf the cases observed were given. Paraplastna flavigenutn was seen 
in fifteen confirmed cases of yellow fever out erf sixteen examined. 
Summing up the results of his blood examinations for P. -flavigenutn 
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in undoubted cases of yellow fever, Seidelin found that on this and 
former occasions he had approximately one hundred and six 
positive cases out of a total of one hundred and twenty. Records 
were made of the examination of four hundred and twenty-one 
specimens as controls. In one hundred and thirty-six cases malarial 
parasites were found, and in two hundred and eighty-three no 
parasites at all, while in two young children under no suspicion of 
yellow fever P. flavigenum occurred. It was suggested that these, 
together with two others previously observed, might be ‘microbe 
carriers.’ Blood from yellow fever cases was inoculated into four 
guinea-pigs, but none showed symptoms resembling the disease. 
A mosquito survey of Merida was made, and recommendations 
advanced as to methods of extermination. A section of Seidelin’s 
report was devoted to a reply to those who had criticised his work. 

In 1915. the Yellow Fever Commission (West Africa) concluded 
that no proof had been given that P. -flavigenum was of a protozoal 
nature, and that the nature of the virus of yellow fever still remained 
undetermined. 

In December, 1912, Seidelin was sent to Jamaica in order to 
investigate the nature of the disease called ‘vomiting sickness,’ 
prevalent in that island during the winter months, and responsible 
for a considerable mortality, chiefly among native children. A 
report of this Expedition was published in the Annals (Vol. VII, 
p. 377) and also in the Yellow Fever Bulletin (Vol. Ill, p. 7). 
Sixty-two cases were observed, but no causal organism was recog¬ 
nised ; it was concluded that ‘ vomiting sickness ’ was a local disease 
and could not be accepted as a form of meningitis, which view had 
been advanced by Scott two years before the latter’s demonstration 
of its true origin. 


RELAPSING FEVER AND SPIROCHAETES 

By the death of Dr. Dutton from tick fever while serving with 
the Congo Expedition, the School suffered the loss of one of its most 
brilliant workers, who, although only .twenty-nine years of age, had 
already won a recognised position throughout the scientific world. 
Towards the end of 1904, Dr. Dutton and Dr. Todd had reached 
Stanley Falls, and they were able to demonstrate independently the 
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cause of tick fever in man, a discovery made a few weeks previously 
by Ross and Milne in Uganda. Further, they were able to prove 
the transference of the disease from man to monkeys by means of a 
particular species of tick. In Todd’s report of this discovery 
(Memoir XVIII) clinical descriptions were given of twelve native and 
two European cases (the last two being those of the investigators 
themselves), all of whom were infected with a spirochaete thought 
at first to be S. obermeieri . A number of inoculation experiments 
with laboratory animals were carried out, it being found that to 
monkeys alone the parasite appeared to be uniformly pathogenic. 
Observations were made upon the distribution and bionomics of the 
human tick in the Congo, and included in the report was a 
description of Ornithodoros moubata by Professor Newstead. 

Research was proceeding at Runcorn upon material brought back 
from the Congo by Dr. Todd. Dr. Breinl, invalided home from the 
Fifteenth Expedition, carried out with Dr. A. Kinghorn extensive 
studies cn 'tick fever* and ‘relapsing fever.* Observations were 
made on the animal reactions of the spirochaete discovered in the 
Congo cases of human tick fever, and brought to England in infected 
monkeys and ticks. In the course of these experiments, infection 
was produced not only in monkeys, but also in a horse, a dog, 
rabbits, guinea-pigs, rats and mice. This fact caused the observers 
to conclude that the organism was distinct from Spirochaeta 
obermeieri , pathogenic hitherto to monkeys only. Further experi¬ 
ments were undertaken, confirming this conclusion; and the new 
species was given the name of Spirochaeta duttoni (Breinl and 
Kinghorn, 1906, Memoir XX). Studies were made of this organism 
(Memoir XXI\ in the course of which a clinical comparison was 
made between African tick fever and European relapsing fever, and 
the research into the animal reactions of this spirochaete in various 
animals amplified and completed. Experiments in immunity were 
continued, the conclusions reached being: (1) In animals which have 
recovered from the infection there is a relatively active immunity 
of comparatively long duration; (2) immune serum cannot produce 
passive immunity, nor has it any curative action; (3) hyper-immune 
serum does not protect a susceptible animal, nor does it prevent 
relapse, but it mitigates the severity of the infection and occasionally 
cuts short an attack; (4) there is a slight inborn immunity of short 
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duration. It was also shown that 5 . duttoni may pass in utero 
from mother to foetus, and extensive studies were carried out to 
determine the role played by the spleen in infection by spirochaetes. 
Attempts were made to transmit spirochaetes by the bites of Cintex 
lectularius, but without success. Subsequently {Annals, Vol. I, 
p. 435) Breinl studied the morphology and life history of S. duttoni, 
while Markham Carter (; ibid ., p. 15) described the multiplication 
and important changes in form, of S. duttoni in eggs laid by infected 
ticks. Still later {Annals, Vol. V, p. 479), Fantham studied the life 
cycle of spirochaetes, amongst those considered being S. duttoni , 
5 . recurrentis and S. marchouxi . Subsequently {Annals, Vol. VIII, 
p. 471) he investigated the granule phase of the parasite, a detailed 
study being given, while serving with the Expedition to Khartoum, 
to 5 . bronchialis, in which it was found that the granules formed 
by the spirochaete were the cross infective stages of the organism 
{Annals, Vol. IX, p. 391). 

In 1917, while making microscopical examinations of stained 
smears from the stools of five hundred and fifty-four patients, 
admitted to hospital for dysentery, Carter found that 56'5 per cent, 
were infected with Spirochaeta eurygyrata . A control investigation 
on one hundred cases free from intestinal disorders showed 41 per 
cent, to be infected {Annals, Vol. X, p. 391). Repeating this 
investigation amongst a normal population, Macfie and Carter 
{Annals, Vol. XI, p. 75) examined eighty-two hospital patients 
suffering from some surgical condition, and twenty-three normal 
healthy men. None of the cases had ever resided in the tropics. 
Of the hospital patients 56 2 per cent., and of the healthy men 
43-8 per cent., harboured S. eurygyrata . A second species of 
spirochaete was discovered in the intestine of one case, which, owing 
to its larger size and certain morphological peculiarities, was 
considered to be a new species, and named by them Spirochaeta 
intestinalis . Macfie and Yorke examined the morphology of the 
spirochaetes responsible for European, African and Indian relapsing 
fevers {Annals, Vol. XI, p. 81), and reached the conclusion 
that there is at present no means of distinguishing these parasites 
morphologically. 
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AICOSBIASIS 

Research into the amoebae- parasitic in the human intestine was 
undertaken by Fantham, and a study commenced of the life history 
of E. coli as seen in cultures (Annals, Vol. V, p. 111). 

Carter, Mackinnon, Matthews and Smith conducted extensive 
researches into the protozoal findings in cases of amoebic dysentery. 
In their first report {Annals, Vol. X, p. 411) they recorded the 
results of four thousand three hundred and thirty-four examinations 
of nine hundred and ten patients suffering from this condition. 
Protozoal infections were discovered in 44-2 per cent.; E. histolytica 
was found m 10-3 per cent, of the cases; E. coli in 25’4 per cent.; 
G. intestinalis in l8'6 per cent.; JT. intestinalis in 1*2 per cent.; and 
C. mesnili in 27 per cent. Their second report ( Annals , Vol. XI, 
p. 27) recorded similar examinations of one thousand seven hundred 
and thirteen cases of dysentery. Stress was laid upon the necessity 
for repeated examinations of each patient, as cases found negative 
the first and second times may prove on further examination to be 
E. histolytica carriers. The subject of ‘negative periods’ (absence 
of vegetative forms and cysts) in infected cases was also dealt with. 
A third report of this investigation appeared in Annals, Vol. XIII, 
p. 83. Yorke and the above-mentioned observers examined for 
intestinal protozoa three hundred and forty-four persons who had 
never been out of England {Annals, Vol. XI, p. 87). * Of this 
number, two hundred and six were healthy young men of about 
18 years of age who had recently entered the Army. A single 
examination of each of these cases revealed the interesting fact that 
3-9 per cent, were infected with E. histolytica. In an address to 
the British Medical Association (B.M.J., April 12th, 1919), Yorke 
emphasized the importance of discovering'whether the infection in 
this country is recent or otherwise. He was inclined to believe that 
it was not recent because (1) carriers must have frequently entered 
this country before the war; (2) all the necessary factors for the 
spread of the infection are to be found in this country; (3) there am 
authentic records of cases of amoebic dysentery and liver abscess 
before 1914. 

Stephens and Mackinnon treated eighty-one cases infected with 
E. histolytica with ‘alcresta ipecac,’ an adsorption compound of 
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emetine and aluminium silicate {Annals, Vol. X, p. 397), with the 
result that about two-thirds of the patients were breed from amoebic 
cysts. Carter and Matthews, using Cropper and Row’s method of 
concentration {Annals, Vol. XI, p. 195), found E. histolytica cysts 
in five of one hundred and thirty-three apparently negative cases 
which had already received three ordinary routine microscopical 
examinations. Smith made a mensurative study of the cysts of 
E. histolytica and E. colt {Annals, Vol. XII, p. 27), and investi¬ 
gated the question of the number of races in the former parasite 
{Annals, Vol. XIII, p. 1). It was shown that not all infections of 
E. histolytica remain constant from one day to another in the 
average size of their cysts. The species can be divided into two 
races characterised by larger and smaller cysts, respectively. Infec¬ 
tions with E. histolytica in healthy carriers who have never been out 
of England were shown to be characterised by a smaller proportion 
of the ‘ small ’ race, and also by a reduced proportion of the larger 
cysts of the ' ordinary ’ race, as compared with infections from 
convalescent dysenteries from abroad. Investigating the incidence 
of amoebic dysentery in asylum patients never out of England 
{Annals, Vol. XIII, p. 177), Smith found that of five hundred and 
four patients examined, fifty-nine had acute dysentery, and in three 
cases vegetative E. histolytica were found in the stools. 


BERI-BBRI 

Simpson and Edie undertook research into the relation of the 
organic phosphorus content of various diets to diseases of nutrition, 
particularly beri-beri. After a review of the work of Schaumann 
and others {Annals, Vol. V, p. 313), the investigators recorded their 
own experiments with pigeons fed on various kinds of rice, white 
bread and whole-meal bread. A study was made of the y anti- 
neuritic bases of vegetable origin in relationship to beri-beri, the 
properties of the yeast extracts investigated, and a method adopted 
for the isolation of torulin, the anti-neuritic base of yeast {Annals, 
Vol. VI, p. 235). 
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HELMINTHIASIS 

Stephens ( Thompson-Yates Lab . Re forts, Vol. VII, p. 9), 
described the morphology of Gastrodiscus homints , of two new 
human cestodes, Dibothriocephalus parvus and Taenia bremneri, 
of a new linguatulid, Porocephalus pattoni {Annals, Vol. I, p. 549), 
and of a new human nematode, Strongylus gibsoni {Annals, Vol. II, 
p. 315). Observations on the hooklets of Cysticercus cellulosae in 
man {Annals, Vol. II, p. 391) showed that there is an irregularity 
of development affecting both the number of the hooklets and, more 
especially, the size. A fluke, found by Newstead in the alimentary 
canal of a Nicaraguan turtle, was described by Stephens {Annals, 
Vol. V, p. 497), who proposed for it a new genus and named it 
Desmogonius desmogonius. The fluke from the liver of native dogs 
at Kasauli, India, was separated by Stephens from the genus 
Opisthorchis owing to the existence of a process or pedicle bearing 
on its summit the genital opening and a ventral sucker, and placed 
in a new genus as Paropisthorchis caninus {Annals, Vol. VI, p. 117). 
Breinl and Hindle described a new Porocephalus, found in the lung 
of one of their experimental monkeys, and distinguished from the 
known species by the presence of an appendage on the outer pair 
of hooks only. They proposed for it the name of Porocephalus 
cercopitheci {Annals, Vol. II, p. 321). Dogs in Freetown were 
found by Yorke and Blacklock to be heavily infected with Ankylos - 
toma caninum and A. ceylanicum, the species being present in about 
equal numbers {Annals, Vol. IX, p. 425). 

In 1916, Stephens contributed the section on Helminths* to 
'The Animal Parasites of Man,’ issued jointly with Fantham and 
Theobald. 

In 1917, at a Veterinary Hospital attached to a remount depot 
in the neighbourhood of Liverpool, Yorke and Macfie started an 
investigation into the parasitic worms causing a heavy mortality 
amongst horses recently imported from America. The parasites 
belonged for the most part to various genera of the family 
Strongylidae, and in the course of their study Yorke and Macfie 
described eight new species and one new variety, viz., Cylicostomum 
longibursatum, C. minutum, C. pseudocatinatum, C . pateratum, 
C . tridentatum, C. thramosum, Cylindropharynx rhodesiense, 
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Gyalocepkalus equi and Cylicostomum nassatum, Looss, var. 
parvum (Annals, Vols. XI-XIV). 

Yorke and Southwell described a nematode from the intestine 
of a zebra, which certain minute characters of the head, and 
also the position of the vulva, led them to regard as a new 
species, for which they proposed the name Crossocephalus zebrae 
{Annals, Vol. XIV, p. 127). 

F1LARIASIS 

The second part (Memoir IV) of the Report of the Third 
Malarial Expedition was devoted almost entirely to Filariasis. 
Eight new species, found during the examination of a large number 
of West Afrcan birds, were described, namely:— F-. cypseli, 
F. spiralis avium, F. fusiformis avium, F. spiralis avium major, 
F. falcifortnis, F. bibulbosa, F. capsulata and F. shekletoni. 
Observations were also made on human filariasis in West Africa, it 
being found that throughout the whole of that area the natives 
appeared to be infected with F. nocturna , diurna and Persians. 
With regard to the two first species, the majority of the cases 
encountered were atypical, in that, embryos were either never absent 
from the peripheral blood, or the maximum did not occur at mid¬ 
day and mid-night or thereabouts according to the species. Among 
the former cases there were many snowing decided periodicity, and, 
among the latter, the hour at which the maximum number was 
present varied considerably. In some cases, two maxima during 
the twenty-four hours were indicated. In the examination (day 
blood) of three hundred and ninety natives of all ages up to about 
eighteen years, one case only, aged eleven years, was infected. The 
observers succeeded in infecting A . costalis (proboscis) with 
F. nocturna. They considered that the weight of evidence was on 
the side of the identity of F. nocturna and F. diurna, but that many 
points remained to be cleared up before the question could be 
settled. 

A study of the periodicity of Microfilaria nocturna was made by 
Yorke and Blacklock (Annals, Vol. XI, p. 127). They found that 
obstruction to the passage of M . bancrofti through the cutaneous 
vessels occurs at all times of the day and night, but is at a minimum 



at the end of the period of bodily activity. Although this obstruc¬ 
tion aids in the piling up of the larvae in the cutaneous vessels, it 
is in no way responsible for the nocturnal periodicity, which is 
primarily dependent upon periodic variations in the arterial supply 
of larvae to the cutaneous vessels. By reversing thchours of sleep 
and activity, cutaneous immigration gradually becomes diurnal 
instead of nocturnal, the complete inversion of the periodicity being 
accomplished in from four to eleven days. TKe number of 
microfilariae, as judged from the maximum concentration m the 
cutaneous blood, remained at practically a constant level during the 
period of observation. The number of microfilariae m the urine 
varied greatly, the variation giving no indication of either a 
nocturnal or a diurnal periodicity. The number of microfilariae m 
the renal and vesical vessels exhibited a nocturnal periodicity 
analagous to that in the cutaneous vessels. 

ENTOMOLOGY 

In 1907, Professor Newstead, jointly with Drs. Dutton and 
Todd, issued a report ( Annals , Vol. I, p. 1) upon the insects and 
other arthropoda collected in the Congo Free State. Among the 
new genera and species described and figured were Eretmapodites 
mornatus, Stegomyia luteocephala, S. albomar ginata, Duttonia 
tarsalis, D afncana, Culex laurenti, C par, Mitnomyia afncana, 
M. malfeyti, Boycia mtmomyiaformts, H aematopota duttoni, 
H. tnmaculata, Tabanus billtngtom, Glosstna maculata and 
Stotnoxys omega The habits and structural characters of the 
larva of Stmulium ornatum (a European species) were described 
They occur on the under sides of submerged leaves or blades ot 
grass in those parts of a stream which are rapidly flowing and fully 
exposed to the sun. Their mode of progression resembles that of 
looper caterpillars, spinning a network of silken threads along 
which they travel. The period of pupation vanes from two to six 
days. The imagines escape through a slit in the thorax, and 
occasionally may be seen completely immersed in water with fheir 
wings folded so as to encase an air bubble. The distribution of 
tsetse-flies in the Congo was recorded and illustrated by a map, 
together with observations on the bionomics of the flies. The life 
history of Stomoxys calcitrant was also described in detail. 
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In the following year, Newstead made a study of the bionomics 
of the common house-fly {Annals, Vol. I, p. 5 ° 7 )- The chief 
breeding-places were determined, and it was established that the 
life-cycle of the fly, in all kinds of fermenting material, is reduced 
to the minimum period of ten to fourteen days; and that in the 
absence of such artificial heat the cycle may occupy a period from 
three to five weeks or more, according to the temperature of the 
outside air. It was found that house-flies do not depend entirely 
upon excessively warm weather for breeding purposes. Methods of 
prevention were suggested, and some notes appended on other 
insects found during the investigation. 

In 1908, Newstead went to Jamaica to study cattle ticks. In 
the course of the investigation, twenty-five estates were visited and 
the cattle inspected in each, and large numbers of ticks were 
collected in every district {Annals, Vol. Ill, p. 4 21 )- Methods of 
treating tick-infected stock were made the subject of enquiry, and 
whenever possible practical demonstrations were given. The nature 
and extent of injury caused by insects and other pests to cultivated 
crops was studied, and methods of control advised. Descriptions 
were given of the nine species of ticks found in Jamaica, namely, 
At gas persicus, Margaropus annulatus australis, Rhipicephalus 
bursa, R. sanguineus, Dermacentor nitens, Amblyomma maculatum, 
A. cajanense, A. dissimile, Aponomrna sp. 

In 1906, Newstead investigated the life history of Stomoxys 
calcitrans {Journ. Econ. Biol., Vol. I, p. 15 7 ) and, together with 
Stephens, described the anatomy of the proboscis of Glossina 
palpalis {Memoir XVIII, p. 53 ). and subsequently {Annals, Vol. I, 
p. 169) that of Stomoxys calcitrans. 

In 1906, a former student, Capt. R. Markham Carter, 
I.M.S., forwarded to Newstead a species of tsetse-fly (namely, 
G. tachinoides) from Arabia, this being the first observation of the 
occurrence of Glossina outside Africa. 

In 1910, Newstead described three new species of Glossina 
{Annals, Vol. IV, p. 369), namely, G. submorsitans, G. brev'tpalpis 
and G. juscipes. These new species were founded oh an examina¬ 
tion of the morphological characters of the male genital armature. 
A revision of Glossina, based on a study of this structure, was 
made {Bull, Ent. Res., Vol. II, p. 9), and later two further new 
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species of this genus were described, namely, G. austeni ( Annals , 
Vol. VI, p. 129, and Bull. Ent. Res., Vol. Ill, p. 355 ) and 
G. severini {Annals, Vol. VII, p. 331). 

In 1911, as a member of the Commission of the Royal Society 
to enquire into the relation of the African fauna to human trypano¬ 
somiasis, Newstead proceeded to Nyasaland,. and for five months 
devoted himself to a study of the bionomics of the tsetse-fly 
(Glossina morsitans. West.), with a view to discovering its breeding 
grounds and devising means of checking its spread. The results of 
this investigation were published, jointly with Dr. J. B. Davey, in 
the Reports of the Commission, No. XV, p. 142. The physical 
features of the country were first described and an account given 
of the vegetation of the river and its borders, and the forest or fly 
area. The vertebrate fauna of the district were then dealt with. 
It was concluded that mpala antelopes supplied a very large propor¬ 
tion of the food necessary for the life and propagation of Glossina. 
Two species of birds were shown to prey upon G. morsitans. The 
breeding grounds of G. morsitans were thinly scattered over the 
whole of the country, and large numbers did not occur in any given 
spot. It was found by experiment that the average time between 
each meal was about two and a half days. The period that elapsed 
between the date of capture of the fly and the production of the 
larvae varied from two to twenty-nine days. The duration of the 
pupal period was found to be about twenty-five days. The period 
of chief activity of G. morsitans was between the hours of 10 a.m. 
and 4 p.m. 

In 1919, Miss A. M. Evans made a study of the genital armature 
of the female Glossina {Annals, Vol. XIII, p. 31). In 1918, 
Newstead discovered that the innumerable papillae which form the 
sculpturing on the exterior of the prominent lobes at the anal 
extremity of the larvae of Glossina are respiratory openings, and 
evidently function as such during the inter-uterine life of the larva. 
Similar structures were found in the Hippoboscidae {Annals, 
Vol. IV, p. 93 )- 

Jointly with Carter, a new genus and three new species 
of anopheline mosquitoes were described {Annals, Vol. IV, 
p. 377), namely, Dactylomyia, nov. gen., and Dactylomyia 
ceylonica, Pyretophorus cardamatisi and Cellia cincta, and later 
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six further new species and varieties were dealt with {Annals, 
Vol. V, p. 233). In 1911, Newstead and Carter founded a new 
genus of Culicinae from the Amazon region, which they named 
Thotnasina . The type species, Thomasina longipalpis , had 
previously been referred by Newstead and Thomas to the genus 
Mansonia , but it was now found that the morphological characters 
of the palpi and tarsi were so niarkedly different from those of 
Mansonia that the species could no longer remain in that genus 
{Annals, Vol. IV, p. 553). Some mosquitoes of the genera 
Banksinella and Taeniorhynchus were described by Carter {Annals, 
Vol. VII, p. 581) with a view to establishing the affinities of certain 
species and m reference also to the synonymy adopted by other 
students of this group of blood-sucking insects. In 1920 , Carter gave 
an account of the male genital armature of the British anopheline 
mosquitoes {Annals, Vol. XIII, p. 453). Extensive observa¬ 
tions were made by Blacklock and Carter on the bionomics of 
A, plumbeus {Annals, Vol. XIII, p. 421 ). It was found to be 
essentially a tree-hole breeder; larvae were taken from the water in 
rot-holes of elm, sycamore and other trees, from 2 to 20 feet above 
the ground. The breeding-places may occur in more or less isolated 
trees situated sometimes within a few yards of houses. A. plumbeus 
feeds on man both day and night. The observers obtained larvae 
from tree*holes m December to February, and they ascertained that 
thirty-five out of forty larvae survived freezing for five to thirty 
minutes. (For infection experiments with A. plumbeus, sec p. 12 ). 

In 1912, Carter described three new species of the genus 
Tabanus, which he named Tabanus nagamiensis, T. fulvicapillus 
and T. donaldsoni, and in a subsequent study {Annals, Vol. IX, 
p. 173 ) eight previously undescribed Tabanidae were dealt with. 
He also described three new African midges {Annals, Vol. X, 
p. 131), Forcipomyia lefanui, Culicoides cordiformitarsis and 
Culicoides stephensi , and later {Annals, Vol. XII, p. 289) two 
others, Culicoides ocrothorax and Forcipomyia ingrami, a species of 
interest owing to the fact that, given favourable opportunities 
for attack, its larvae prey upon the larvae of mosquitoes breeding in 
rot-holes in trees. In 1920, Carter, Ingram and Macfie commenced 
an exhaustive study of the Ceratopogonme midges of the Gold 
Coast, with descriptions of new species. In the first account of 
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these midges (, Annals , Vol. XIV, p. 187), after a description of the 
technique employed, the observers dealt with the bionomics of the 
various genera. The second instalment {ibid., p. 211), which began 
a systematic account of the Ceratopogoninae, dealt with the genus 
Culicoides , and included descriptions of sixteen species, eleven of 
which were new. The larvae and pupae of several species were 
described in detail. The third account of this investigation ( ibid., 
p. 309) dealt with six new species belonging to three genera, of 
which one of the latter is new. 

In 1919, an article on the blood-sucking Nematocera was 
contributed bv Carter to 4 The Practice of Medicine in the Tropics* 
(now in the press). This dealt with the biting flies of the 
families Cnlicidae, Psychodidae , Chironomidae and Simuliidae. 
The account included general considerations regarding structure 
and bionomics, the species of malaria-carrving Anopheles being 
arranged in groups according to the nature of the evidence on which 
they were incriminated, and the classification. In the last section, 
the diagnostic characters of all the known (one hundred and twenty) 
Anopheline mosquitoes were given in synoptic tables. 

Newstead continued his researches on Coccidae , of which the 
British species formed the subject of a monograph, in two volumes, 
issued by him arhong the Ray Society publications, in 1900 and 
1902. In 1908, he contributed an article on these insects to the 
reports of the Swedish Zoological Expedition to Kilimandjaro 
(VqI. II, Part 12 ); the same year he wrote of the scale insects and 
mealy bugs of Egypt (Lw. Univ. Inst. Comm. Res . in the Tropics 
Quart. Journ., Vol. Ill, p. 14), and reported upon a collection of 
Coccidae affecting plants in Java and West Africa ( Journ. Econ. 
Biol., Vol. Ill, p. 32). In 1910 and 1911, he described two new 
species of African coccids {Journ. Econ. Biol., Vol. V, p. 18), 
reported on a collection, from Uganda {Bull. Ent. Res ., Vol. 1, 
pp. 63 and 185), on another from South and South-west Africa, and 
on a third in the Berlin Zoological Museum {Mitt, aus deni Zool. 
Mus. in Berl., Vol. V, p. 155). Later, he commenced a series of 
studies on Coccidae, which are still being pursued {Bull. Ent . Res., 
1913-1920).' In these papers, over one hundred and sixty different 
species were dealt with, including the descriptions, with illustra¬ 
tions, of one hundred and six species and varieties new to science; 
the major portion of these are serious pests to various crops under 
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cultivation in tropical and sub-tropical countries. In 1910, 
Newstead served on the Special Commission appointed by the 
Government of Malta to suggest means for stamping out the fluted 
scale insect (Icerya pure hast), then threatening the orange-growing 
industry of the island. Regulations for the suppression of the pest 
were drafted and circulated. 

Other work of an economic nature undertaken by Newstead 
included an investigation into the food of some British birds 
( Suppl. to Journ. of Board of Agric ., Vol. XV). This work, which 
had extended over a period of twenty years, was based upon over 
eleven hundred records, chiefly post mortem. His tentative verdict 
was in favour of the birds, the records showing what an important 
part is played by the majority of British birds in checking the 
increase and lessening the ravages of many insect pests of plants 
and crops. In 1910, Newstead dealt with some insects affecting 
cultivated plants in the West Indies (Journ. Roy. Hort. Soc. t 
Vol. XXXVI, p. 53), and in 1913, jointly with Bruce Cummings, 
issued a paper on a gall-producing Psyllid from Syria {Ann. Mag. 
Nat . Hist., Vol. XI, p. 306). 

In 1910, Newstead went to Malta to investigate sand flies of the 
genus Phlebotomus , the main object being to discover the chief breed¬ 
ing-places of these insects, and to recommend practical measures for 
destroying them in the larval stage. It was discovered that four 
distinct species of Phlebotomus occur in the island, previous investi¬ 
gators having notified one species only. The discovery of some 
important structural details concerning the anatomy of these insects 
was made and a long series of drawings illustrative of the salient 
characteristics was prepared, as well as a series illustrative of the 
internal anatomy {Annals, Vol. V, p. 139). Later, he described 
some new species (Bull. Ent. Res., Vol. Ill, p. 361, Vol. V, p. 179, 
Vol. VII, p. tqi, and Vol. XI, p. 305), and in 1913 dealt with three 
West African species {Bull. Soc. Path. Exot ., Vol. VI, p. 124). 

Besides the special studies noted above, many articles on 
entomological subjects were contributed to a variety of journals by 
the Department of Entomology. In addition, innumerable collec¬ 
tions of insects submitted by the Imperial Bureau of Entomology, 
by the Belgian Government, and from other sources, were examined 
and identified. 

In 1915, Newstead went to France and Flanders, there to 
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organise measures of fly control. A report of this work was 
submitted to the War Office. 

By the request of the Royal Society, Newstead and others 
commenced in 1916 an investigation into the problems connected 
with the damage caused to grain and flour during transit and in 
storage. It was found that wheat and flour are liable to attacks 
and injury by acarids, of which Aleurobius farinae was most 
commonly encountered. It was established that mites will not 
injure wheat and flour in which the moisture content is 11 per cent, 
or under, whatever the temperature may be. The morphology and 
bionomics of the infesting mites were studied, and experiments 
carried out wit;h regard to methods of destruction. Newstead and 
Morris also reported upon the non-parasitic or forage acari of the 
family Tyroglyphidae , to which Pillers added clinical notes derived 
from veterinary experience ( Royal Society : Reports of the Grain 
Pests {War) Committee , Nos. 2 and 8). 

David Thomson made feeding experiments with the European 
bed bug {Cimex lectularius) in various diseases {Annals, Vol. VIII, 
p. 19). He found that protozoa were absent from the gut of this 
species (one hundred and eighty-four examined). No acid-fast 
bacilli were found in one hundred and five bed bugs fed on lepers, 
nor in thirty-five others caught in bed mattresses of leper patients. 
Nothing abnormal was found in bugs fed on cases of lymphadenoma, 
carcinoma and malaria. Forty bugs fed on a case of spleno- 
medullary leukaemia all developed numerous Charcot-Leyden 
crystals in their intestines. 

Dutton, Todd and Christy described the Congo floor maggot, 
a blood-sucking dipterous larva found in the Congo Free State 
{Memoir XIII, p. 49). The larva was stated to be semi-translucent, 
of a dirty white colour, acephalous, amphipneustic, consisting of 
eleven segments, and to feed mainly, or entirely, at night. The 
duration of the pupal stage was a fortnight to three weeks. A light- 
brown fly, caught in many huts infested with the maggot, was 
subsequently identified by Austen as Auchmeromyia luteola . 
Newstead {Annals , Vol. I, p. 49) noted that the true larval stage is 
continued till after the formation of the puparium, and that a large 
percentage of the flies escape backwards from it. 

In addition to dealing with the anatomy and bionomics of 
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Ornithodoros moubata , the tick transmitting African relapsing fever 
(already mentioned above), Newstead, jointly with Todd, described 
a species of acarid found infecting the lungs of monkeys, namely, 
Pneumonyssus duttoni {Memoir XVIII, p. 41), and later he 
described another new acarid, Pneumonyssus grijfithi , found in the 
lungs of the Rhesus monkey {ibid., p. 47). 


PROTOZOOLOGY 

Dutton, Todd and lobey gave an account of certain parasitic 
protozoa observed by them in Africa {Memoir XXI, p. 87, and 
Annals , Vol. I, p. 285) m mammals, birds and reptiles, including 
full descriptions and figures of some forms of Leucocytozoon 
ziemanm, parasitic in a grey hawk of the Congo. Fantham studied 
the leucocytozoon, L. lovati, of the red grouse, Lagopus scoticus, 
and observed the occurrence of schizogony in its life cycle {Annals', 
Vol. IV, p. 255). He also studied a flagellate found in the 
alimentary tract of the body louse, which he named Herpetomonas 
pediculi ( Annals' , Vol. VI, p. 25), and of which he demonstrated 
the complete life cycle, notifying its occurrence in lice in England, 
as well as in India and Tunisia {ibid., p. 403). Another Herpeto¬ 
monas, H. stratiomyia, sp. n., was discovered by Fantham and 
Porter {Annals, Vol. VII, p. 609) parasitic on the larvae, pupae and 
imagines of the flies Stratiomyia chameleon and S. potamida. 
Research into induced herpetomoniasis in birds resulted in 
producing this condition in canaries, sparrows and martins by 
feeding them on insects containing herpetomonads; in some cases 
the infection was fatal. It was found that the cycle of the 
flagellate in the avian host resembled morphologically that in the 
insect {Annals, Vol. IX, p. 543). Fantham and Porter studied the 
effects on their hosts of certain Myxosporidia inhabiting the gall 
bladders of various fish {Annals, Vol. VI, p. 467). In 1916, 
Fantham contributed the section on the Protozoa to 'The Animal 
Parasites of Man,* issued jointly with Stephens and Theobald. 

Seidelin described some blood parasites in reptiles {Annals, 
Vol. V, p. 371), and also some species of Klossiella in the kidney 
of a guinea-pig {Annals, Vol. VIII, p. 553). E. H. Ross observed 
the development of a leucocytozoon in a guinea-pig, for which he 
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proposed the name Lympkocytosoon cobayae ( Proc. Roy. Soc., B., 
Vol. LXXX, p. 67); Sinton prosecuted research into the morphology 
and biology of Prowaeekia urinaria {Annals , Vol. VI, p. 245); and 
O’Farrell, in a study of hereditary infection, with special reference 
to its occurrence in Hyalomma aegyptium infected with Crithidia 
hyalommae, gave an account of the four periods in the life cycle of 
this flagellate ( Annals , Vol. VII, p. 545). 

In 1917, Smith and Matthews investigated the incidence of 
intestinal protozoa in two hundred and fifty patients admitted to 
hospital for diseases other than dysentery ( Annals , Vol. X, p. 361). 
Entamoeba histolytica was found in 8 per cent, of the cases, E. colt 
in 19 2 per cent., G. intestinalis in 8 per cent., C. mesnili in 
2 per cent., and T. intestinalis in 17 per cent. Of the two hundred 
and fifty cases examined, two hundred and two were suffering from 
non-intestinal complaints, and of this number 9 4 per cent, were 
found to be harbouring cysts of E. histolytica. Among ninety-one 
men who had been to France only, two were discovered to be 
‘carriers’ of E. histolytica. In a further investigation {Annals, 
Vol. XI, p. 183), two hundred non-dysenteric patients were 
examined, and protozoal infections found in 34*5 per cent.; 
E. histolytica in 7'5 per cent. Matthews described and figured the 
characteristic morphological features of cysts of the common 
intestinal protozoa of man {Annals, Vol. XII, p. 17), and later 
made a mensurative study of the cysts of E. coli {Annals, Vol. XII, 
p. 259), and traced the course and duration of an infection with 
this parasite {Annals, Vol. XIII, p. 17). Matthews and Smith 
investigated the spread and incidence of intestinal protozoal infec¬ 
tions in the population of Great Britain. The first selected 
population consisted of four hundred and fifty civilians in the 
Liverpool Royal Infirmary {Annals, Vol. XII, p. 349), of which 
i"5 per cent, were found to harbour E. histolytica and 67 per cent. 
E. coli. The figures for army recruits, of which one thousand and 
ninety-eight cases were examined, were E. histolytica 5 6 per cent., 
E. coli 18 2 per cent., E. nana 24 per cent., G. intestinalis 
6 0 per cent., and C. mesnili two cases. In five hundred and forty- 
eight children, all under the age of twelve {Annals, Vol. XII, 
p. 361), G. intestinalis was the parasite most commonly found. Of 
two hundred and seven male asylum patients {Annals, Vol. XIII, 
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p. 91), 9*7 per cent, were found to be infected with E. histolytica > 
45'9 per cent, with E. coli, and 23*2 per cent, with C. mesnili. 
University and School cadets were also examined; the same 
protozoa were found as amongst other series, but the number of 
cases recorded was too small to allow of conclusions being drawn 
as to incidence amongst this higher social class. 

In 1906, Drs. Fantham and Porter investigated the Isle of Wight 
bee disease {Annals, Vol. VI, p. 163). It was found that the 
disease was due to a minute microsporidian parasite. Nosetna apis , 
sp. n., which gained access by the mouth to the intestines. Experi¬ 
mental work proving the pathogenicity of the parasite was carried 
Out. It was found that No sema apis was harboured by other insects 
besides the hive bees ( Annals , Vol. VII, p. 569). It was considered 
that a bee, itself apparently immune, can be a parasite carrier. A 
morphological study of No serna apis was made, and the two phases 
in its life cycle demonstrated : (0 a multiplicative phase, termed 
merogony, which occurs in the epithelium of the chyle stomach 
and intestines of the bee; (2) a second phase, termed sporogony, 
leading to the formation of minute, resistant resting spores, which 
are shed in the faeces of the bee, fouling the surroundings of the 
hive and producing infection of fresh bees when swallowed in food 
or drink. An allied organism, Nosenta bombi , sp. n., parasitic in, 
and pathogenic to, bumble bees, was discovered, and its life cycle, 
and suggested economic measures of control, set forth in a subsequent 
paper ( Annals , Vol. VIII, p. 623). 
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ON THE * ARNETH COUNT’ IN HOOK¬ 
WORM-INFECTED WHITE CHILDREN 
IN NORTH QUEENSLAND 

BY 

A. BREINL" 

From the Australian Institute oj Tropical Medicine , 

T ownsvtlle 

(Received for publication 31 January, 1921) 

-In the past, work has been carried out by Breinl and Priestly 
(1914) on Ameth counts of healthy white school children, who had 
spent their lives in the tropical parts of North Queensland. The 
observations proved a decided shift of the Ameth index to the left, 
when compared with that of normal individuals in Europe. Later, 
this investigation was extended to healthy aboriginal children in 
Northern Australia (1917), and, furthermore, to native children in 
New Guinea (1915), living in am area where malaria, yaws and 
other parasitic diseases were found to be endemic. 

A shift of the Ameth index to the left was found in healthy 
aboriginal children of North Queensland analogous to that of 
children of European descent in North Queensland, but a much more 
pronounced shift was found in the native children of New Guinea. 

Taking advantage of recent opportunities, blood smears 
obtained from white children in North Queensland, suffering from 
ancylostomiasis were examined in order to determine the Ameth 
index. A number of the smears were collected by one of the 
members of the staff of the hookworm campaign, carrying out work 
at present in North Queensland; others were obtained from children 
of various ages, who underwent treatment for hookworm infection 
in the Townsville Hospital. 

Previous observations by Knapp (1915) in India showed in the 
blood of hookworm patients a distinct shift of the Ameth index to 



the right, but the results, according to his own statement, 1 were on 
the whole equivocal/ and he proposed to carry out further research. 

Macfie (1916), working on the Gold Coast, confirmed to a 
certain extent Knapp's tentative results. Out of seventeen counts 
made on hookworm patients, about 30 per cent, showed, when 
compared with those of healthy natives, an actual shift to the right, 
41 per cent, had a relative shift to the right, that is, 4 a slighter 
degree of shift to the left than is found in apparently healthy 
natives/ and 29 per cent, had a definite shift to the left. He 
concluded from his results that ‘there appeared unquestionably a 
tendency to develop a shift to the right in patients infected with 
hookworms.* 

In the present investigation the same technique was employed as 
in the previous work; all counts were performed by myself, 
Dr. Priestly and myself having performed the previous counts. In 
this way the results, so far as technique is concerned, are comparable 
with those obtained previously, and the personal source of error has 
been, so far as possible, excluded. 

Two hundred consecutive leucocytes were counted in two sets of 
100, and only when the two sets of figures differed but slightly 
were the counts taken into consideration. 

All the children from whom the blood was obtained lived in 
areas where malaria is practically unknown, and any definite change 
found must be attributed to the effects of hookworm infection. 

The figures (Table I) were separated according to age groups, 
and the table shows that the averages for the age groups 
between five and fifteen years are fairly constant. The Arneth 
index for children two and three years old is much lower, and 
approaches that found in healthy North Queensland children. The 
disproportionate rise for children four years of age may be due to 
the small number of observations. The total averages prove 
conclusively that the average Arneth index in hookworm-infected 
children shows a decided shift to the left. 

A comparison of the Arneth index of hookworm-infected white 
children in North Queensland with that of children living in New 
Guinea shows a striking similarity, and strengthens the assumption 
that the comparative increase in the Arneth index in the latter 
locality was due to the great incidence of latent and active infection 
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amongst children, amongst whom hookworm infection is probably 
widespread. 

The significance of the shift of the Ameth index to the left is 
still uncertain. It is, however, possible that in such diseases as 
hookworm infection and malaria, where the destruction of red cells 
goes, for a time at least, hand in hand with an increased activity 
of the blood-forming organs, the increased activity extends to the 
new formation of leucocytes, and in consequence a greater number of 
young leucocytes are met with in the peripheral blood. 

The differential counts indicate that in younger children— 
between two and four years of age—the relative number of 
polymorphonuclear neutrophile leucocytes is decreased, whereas that 
of the lymphocytes is increased. 

After the seventh year the relative proportion of the various forms 
of white blood corpuscles is fairly constant. 

As is to be expected, the relative increase in the number of 
eosinophile leucocytes is well pronounced throughout our series of 
counts. 
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BRONCHOMONILIASIS COMPLICATING 
PULMONARY TUBERCULOSIS IN A 
NATIVE OF THE GOLD COAST, 
WEST AFRICA 

BY 

J. W. S. MACFIE 

AND 

A. INGRAM 

(Received for publication 2 February , 1921) 

Since Castellani discovered the condition in Ceylon in 1905, 
bronchomoniliasis has been identified in many parts of the world, 
especially in tropical and sub-tropical countries. In Africa, 
Chalmers and Macdonald (1920) studied a number of cases in the 
Sudan and Egypt, and Pijper (1917) has noted the presence of the 
disease in South Africa, but, so far as we are able to ascertain, no 
cases have hitherto been recorded from West Africa. For this 
reason, a short account will be given of a case which has recently 
come under our notice at Accra, in the Gold Coast, West Africa. 
The case was not a pure bronchomoniliasis, but occurred in a 
patient suffering from pulmonary tuberculosis, a form of mixed 
infection which apparently is not uncommon, and has been observed 
previously by de Mello and Fernandes, Castellani and Chalmers, 
and others. 

History. We are indebted to Dr. J. R. Moffatt for the following 
history of the case. I. D., a native (Buzaburime), aged about 
twenty-five years and a member of the Police Force, admitted to the 
Native Hospital, Accra, on the 29th of September, 1920. The 
patient stated that he had suffered severely from cough for at least 
two months previous to admission. Upon being closely questioned, 
he further admitted that for at least eighteen months he had 
experienced attacks of illness, accompanied by cough, at irregular 
intervals. Physical examination revealed dullness at the apex of 
the right lung, chiefly supra-clavicular; at the base of the left lung 
there was a considerable area of dullness extending as high as the 
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angle of the scapula, and at its upper portion, especially on the 
anterior aspect, bounded by a hyper-resonant area. The cough 
was frequent and harrassing; the sputum copious and in appearance 
like thin flour paste. Sweating was inconsiderable. Although the 
breathing was rapid, the patient never suffered from dyspnoea. The 
temperature chart kept whilst the patient was in hospital showed 
an irregular fever similar to that which might have been expected in 
a case of pulmonary tuberculosis. The treatment given was cod- 
liver oil and, for a few days only, potassium iodide. During the 
last two weeks of his illness the patient showed some improvement 
and gained weight; on the night of the 8th of November, however, 
he had a sudden and copious haemoptysis and died within an hour. 

A specimen of the sputum of this case was forwarded to the 
laboratory for examination as to the presence of tubercle bacilli upon 
the 30th of September; none were found on this occasion, but it was 
noted that the sputum had a curious appearance, suggestive of saliva 
containing small particles of macerated bread, and accordingly 
another specimen was asked for which should be taken after 
thoroughly washing the mouth with a weak antiseptic solution. On 
the 2nd of October the second specimen of the sputum was examined, 
and was found to contain numerous yeast-like cells (Monilia sp.) 
but no tubercle bacilli. Cultures were made from this specimen of 
the sputum upon Sabouraud’s maltose agar and glucose agar, and 
within twenty-four hours a copious creamy-white growth of the 
Monilia had made its appearance on both media. On the 5th of 
October the sputum again showed yeast-like Monilia cells and also 
a few- coarse hyphae; tubercle bacilli were not detected. As 
potassium iodide has proved a valuable remedy in broncho- 
moniliasis, it was suggested that it should be tried in this case, and 
this was done for a few days, ten grains being given thrice daily. 
The effect was to reduce the number of Monilia cells in the sputum 
very greatly, and to reveal the presence of tubercle bacilli which in 
all probability had been overlooked at previous examinations. A 
specimen of the sputum examined on the *8th of October showed 
very numerous tubercle bacilli and no Monilia cells, and as the 
potassium iodide appeared to be causing the patient some 
discomfort, owing to the increase in the quantity of his sputum, it 
was then stopped. Sputum examined on the 14th of October, and 
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later, showed that the Monilia cells had reappeared and that the 
number of tubercle bacilli appeared to be fewer. The patient 
died on the 8th of November as the result of an haemoptysis, and a 
post-mortem examination of the body was made on the following 
morning. 

Post-mortem Examination, The following were the notes made 
at the examination. Body : that of a young native man, rather 
emaciated. Abdominal cavity and its contents: appeared to be 
normal. Spleen : not enlarged, weight seven and a half ounces, no 
visible morbid condition. Kidneys and liver: showed venous 
engorgement but no other pathological signs. Gall bladder: 
collapsed, empty. Mesenteric glands: not enlarged. Right lung: 
adherent to the chest wall at its apex; on removal and section a 
cavity about the size of a walnut was found at the apex, it contained 
a blood clot; the whole of the upper lobe and a portion of the middle 
studded with small tubercles. Left lung, completely collapsed, 
visceral and parietal pleurae very greatly thickened and of a creamy- 
yellow colour; the pleura covered in parts with a deposit of the 
colour and consistence of cream cheese, the pleural cavity contained 
about four ounces of turbid straw-coloured fluid; the substance of 
the lung studded with numerous caseating tubercular nodules, and 
at one point apparently communicating with the pleural cavity. 
Lymphatic glands at the root of the neck and in the mrdiastina : 
enlarged, tuberculous. 

Smears of the creamy exudate in the left pleural cavity showed 
numerous tubercle bacilli and yeast-like Monilia cells, also a 
considerable number of short septate branching hyphae. Sections 
of the lungs showed that both were the seat of advanced tubercular 
disease; sections of the thickened pleura of the left lung and of a 
mass of the pleural exudate showed also the presence of Monilia. 

Organism. The Monilia found in this case was easily obtained 
in pure culture by inoculating tubes of Sabouraud’s maltose agar 
and glucose agar. It was gram-positive but not acid fast. It grew 
well on most solid media, but especially well on glucose agar, 
and produced rapidly a diffuse, spreading, creamy-white growth. 
Under anaerobic conditions its growth was slower. Gelatin and 
blood serum were not liquified by it, and did not become pigmented. 
In broth and peptone water it caused a white deposit to be thrown 
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down whilst the media themselves remained clear; in peptone 
water a slight surface pellicle was formed. It produced a thick 
white growth on potato. On solid media the growth was almost 
entirely composed of yeast-like cells; in some fluid media hyphae 


predominated. 

Its qualitative bio-chemical 


follows: — 


Arabinose . 

... 0 

Rharanose (isodulcite) 

... 0 

Galactose . 

... AG 

Glucose. 

... AG 

Laevulose . 

... AGs 

Mannose . 

... 0 

Lactose. 

... 0 

Maltose. 

... AGs 

Saccharose . 

... AG 

Amylum . 

... 0 

Dextrin. 

... O 

Glycogen . 

... 0 


reactions may be tabulated as 


Inulin 
Amygdalin 
Helicin ... 
Phlorrhizin 
Salicin ... 
Glycerol... 
Erythrol ... 
Adonitol 
Dulcitol ... 
1 nosite ... 
Mannitol... 
Sorbitol ... 


The symbols representing : A—acid; G—gas; s—slight; and 
O—neither acid nor gas. 

The production of gas in laevulose and maltose was slight. If 
the cultures were kept for two weeks or longer the acidity produced 
in the five sugary media indicated tended to be superseded by 
alkalinity; this was earliest seen and most pronounced in glucose 
and saccharose. At first no change was produced in litmus milk, 

but later, after about ten days, alkalinity developed, no clot was 

formed and the medium was neither decolourised nor peptonised. 
Indol was not produced in peptone water. 

As gas was produced in glucose, laevulose, maltose, galactose, 
and saccharose, the organism comes into the fifth group of species 
of Monilia , called the Tropicalis group , according to the classifica¬ 
tion of Castellani and Chalmers (1919). In this group are placed 
( loc . cit. p. 1084) M. tropicalis , Cast., M . paratropicalis , Cast., 
M. pulmonalis , Cast., M . nivea , Cast., M. insohta t Cast., and 

M . enterica , Cast. ; but from the table given by the same authors 
(pp. 1082-1083) it would appear that M. * faecalis , Cast., and 

M . metatropicalis , Cast., should also be included. A somewhat 
later table given by Castellani (1920) differs slightly from that given 
by Castellani and Chalmers and omits certain species whilst intro- 
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during some additional ones. According to it, arid and gas are 
produced in the five sugary media mentioned by five species only, 
namely, M. enterica , M. faecalis, M. metatroficalis, M. para- 
tr of kalis, and M. tropicalis. 

Reverting to the species given by Castellani and Chalmers, 
which include the five given by Castellani alone and three others, 
it will be seen that the bio-chemical reactions of the organism isolated 
from our case do not agree entirely with those of any of them (see 
table). The reaction in litmus milk suffices to distinguish it from 


Table showing the more important biochemical reactions of the species of Monilta of the Tropicalis group. 


Species of Monilta 

Litmus 

milk 

1 

o 

3 

> 

a 

Maltose 

i 

| 

a 

<* 

3 

0 

Saccharose 

_ 

Mannite 

Dextrin 

RafRnose 

i 

! 

i 

Broth 

' 

M. entmea . 

0/ 

' Alt 

i 

AG 

AG 

AG 

AG 

AG 

As 

| As 

I 

1 

o 1 

0 

c 

M.fattain . 

A / 

/ DP. 

1 

| AG 

AG 

AG 

AGs 

! 

i 

AGs 

0 

i 

0 

0 i 

0 

c 

M. tnsoltta . 

As/ 

/Aik 

! AG 

| 

AG 

AG 

AG 

AG 

As 

0 

0 

’ 

! 

0 

c 

M. metatropicalis . 

AC 

i 

AG 

AG 

AG 

AG 

AG 

o 

o 

c 

■ i 

i 

0 

c 

M; nivea . 

0, 

/Aik 

AG 

AG 

AG 

AG 

AGs 

0 

0 

AG 

0 

c 

M . paratropicalis . 

As / 1 

/Aik 

. 

AG 

AG 

AG 

AG 

AG 

o 

Avs 

C 

> 

0 

CTP 

M. pulmonalis . 

o/ ; 

i AlkD | 

i 

AG 

AG 

AG 

AGs 

AG 

Avs 

0 

A 

i 

AGi 

CTP 

M. tropicalts . 

A 

AG 

AG 

AG 

: 

AGs 

! 

AGs 

0 

0 

0 

» 

0 

C 

Spedei.isolated from cate of 
Bronchomoniliasis at 

0/ 

• Aik 

AG 

AGs 

AG« 

AG 

AG ' 

0 

0 

? 


0 

C 

Accra 

1 













A =* acid: G * gai j s « alight; v« * very slight; 0 =* neither acid nor gas produced; Aik ■= alkalinity; 
C m clot; D « decolonisation j C « clear; CTP * clear thin pellicle; P « peptonisation. 


all the other species of the Tropicalis group excepting M. enterica 
and M. nivea. The former of these two produces slight acidity in 
mannitol and dextrin, reactions which are not produced by our 
species. As regards the latter, M. nivea , acid and gas are produced 
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in raffinose, and acid but only a small amount of gas in saccharose. 
We were unable to test the reaction of our species in raffinose, but 
in saccharose much gas was produced, and only a small amount in 
laevulose and maltose. It is admitted, however, that many of the 
species of the Genus Monilia have not permanent bio-chemical 
reactions, a point emphasised by Castellani himself, and if they are 
liable to vary outside the body, it seems not unlikely that they may 
vary also according to their host. The very slight differences noted 
between the bio-chemical reactions of the organism recently isolated 
by us and those of M. nivea are, therefore, probably unimportant. 

M . nivea was originally found in sputum, and is considered by 
Castellani and Chalmers to be of doubtful pathogenicity. It is of 
interest, therefore, to recall that the organism resembling this species 
which we have isolated was found not only in the sputum but also, 
after death, in the body of the patient. 

SUMMARY 

A case is recorded in which bronchomoniliasis complicated 
pulmonary tuberculosis in a native of the Gold Coast at Accra. 

The patient died of an .haemoptysis whilst under observation. At 
the post-mortem examination both lungs were found to be 
tuberculous. The left lung was collapsed, and the pleural cavity 
partially filled with exudate. In this exudate and in the thickened 
pleura over the lung Monilia was present. 

The organism, which belonged to the Tropicalis group of 
Castellani and Chalmers, closely resembled in bio-chemical reactions 
M. nivea , Cast. (1910); without raffinose we are unable to s^te 
whether the species found at Accra is distinct from M. nivea , Cast. 
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NOTES ON A CASE OF INDIGENOUS 
INFECTION WITH P. FALCIPARUM 

BY 

B. BLACKLOCK 

(Received for publication 8 February , 1921) 

In their preliminary note on this case, Glynn and Matthews 
(1920) have furnished an account of the findings at the post-mortem 
examination and also details of the history. For convenience we 
may recapitulate here briefly the main facts. 

History. The patient was a girl, aged 18, who had never been 
out of the British Isles; she was born in Liverpool and had once 
been South—to London in 1914, from July to September, during 
which period she spent three weeks at Littlehampton; she had lived 
for the last ten years in the same house in Liverpool. She died on 
October 12th, 1920, after a period of illness which commenced (on 
her return from a holiday in a northern health resort) with 
‘feverishness and flushed appearance* on October 1st, followed on 
October 2nd and 3rd and several other occasions by vomiting. On 
October 8th she was overcome with faintness in the street, and had 
to be helped home. Her condition rapidly became worse with 
severe headache, thirst, photophobia, delirium, paresis of legs, 
anuria, and finally coma. The temperature on October nth, the 
day before death, was ioo°F., and on October 12th, just before 
death, io2°F. Further investigation elicited the facts that she had 
always been pale, had suffered from headaches since Christmas, 
1919, and that she had vomited on September 29th, 1920. 

The following notes on the post-mortem examination are quoted 
from the paper mentioned above: — 

* The post-mortem examination was made twenty hours after death. Blood: 
anaemic. Brain ; apparently normal, no meningitis. Lungs: a moderate amount 
of oedema and muco-purulent bronchitis. Heart: weight, 8 07.., normal, no fatty 
degeneration. Mouth: healthy, no trace of pyorrhoea. Oesophagus, stomach 
and intestines opened from end to end—normal, no evidence of blood. Some of 
the lumbar lymphatic glands slightly enlarged, and red like haemolymph glands. 
Liver : weight, 3 lbs., slightly browner than normal, no haemosiderin reaction. 
Spleen: 1 lb. 7 02., retains its shape, of normal consistency, but dark, rather like 
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malaria. Pancreas, suprarenals, kidneys and bladder normal. Uterus: normal 
size, but menstruating; one haemorrhagic corpus luteum. Bone marrow of the 
shaft of the femur a uniform terra-cotta red, that of the sternum redder and more 
succulent than normal/ 

The following is a short account of my observations on the 
material examined. It is convenient to state here that the specimens 
from this case, which were demonstrated by me at a meeting of the 
Royal Society of Tropical Medicine and Hygiene,'were by some 
inadvertence included under Col. James’s exhibits, and erroneously 
stated to have been derived from a case in Sheerness. (See Lancet , 
January 1st, p. 26.) 

Blood film. About a third of the red corpuscles contained young 
trophozoites, but owing probably to post-mortem changes the 
parasites appeared small and contracted, giving an appearance 
similar to that seen in sections. Not only was the total number of 
red cells infected large, but also multiple infection was common, 
many cells containing two, three, four, up to five parasites. 
Gametocytes were present in small numbers most of them being 
fully developed crescents, some of them presenting a peculiar 
appearance owing to the red cell being visible all round the 
parasite and extending some distance beyond it, and not chiefly 
in the concavity of the crescent; other forms were oval or 
spherical, and in addition there were seen solid-looking parasites 
of irregular outline which might be interpreted as developing forms 
of gametocyte. A small number of segmenting forms with a number 
of merozoites varying from ten to twenty-four also occurred in the 
blood, the crescents and fully divided forms being in about equal 
proportion. • 

Nucleated red cells were numerous, as was observed in the 
preliminary note, the figure given being 3’8 nucleated reds to 100 
leucocytes (500 counted), while my figure is slightly higher, 4*9 to 
100 leucocytes (1,000 counted). They presented much diversity in 
the form of the nucleus, single-nucleated forms predominating, but 
forms with double and multipartite nuclei also being found. 
Pigment was present in mononuclear leucocytes and also free in the 
plasma, some in the latter possibly being due to the breaking of 
segmenting forms in making the film. 

Spleen smear . The chief feature to attract attention was the 
occurrence of very numerous segmenting forms, not all at the same 
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stage of sub-division, the merozoites numbering from eight to 
twenty-two. There were a few crescentic, oval, and spherical 
gametocyies. An occasional parasite, even in the segmenting stage, 
was found ingested by phagocytes. Pigment, both black and 
golden yellow, was present in considerable amount, ingested by 
large mononuclear white cells. 

Bone marrow smear. Here crescentic and oval forms of gameto- 
cyte were numerous in quite different proportions to the numbers in 
either the blood or spleen smears. A few segmenting forms occurred 
and many small trophozoites, of which some were free. Among the 
large mononuclear cells, many were observed which contained 
eosinophil granules, and many also containing pigment. 

Several questions of interest arise in connection with this case, 
and it is necessary, in spite of the limited character of the observa¬ 
tions made on the case during the period of her illness and the 
small amount of material available for examination, to endeavour to 
answer some of the questions. 

1. Was this a primary acute attack following directly the 
incubation period, or a secondary acute attack supervening in a 
person already infected for a considerable time ? 

2. By what means did the patient acquire infection ? 

3. At what time and where did she become infected ? 

I. WAS THIS A PRIMARY OR SECONDARY ACUTE ATTACK ? 

(a) Primary acute attack . 

The absence of any history, previous to October 1st, 1920, of 
fever, shivering or sweating, is in favour of this being a primary 
acute attack. 

Spleen . Support is also lent to this theory by certain appear¬ 
ances presented by the spleen. The noteworthy condition seen in 
section of this organ is the remarkable congestion, with dilatation 
of the sinuses. These facts are illustrated by photograph I, repre¬ 
senting a section from the spleen of the case under discussion. That 
the large size of the spleen is due to a recent enlargement of the 
organ is further demonstrated when we observe that the increase 
of size is due to engorgement with blood and not to increase of 
fibrotic tissue, nor to the cellular elements of the spleen itself. 



(b) Secondary acute attack. 

It is quite possible for a person to harbour and present for 
considerable periods in his blood P. falciparum without the produc¬ 
tion of definite signs and symptoms, provided the person is taking 
quinine or other drugs. This fact has been observed frequently, 
and instances will be found in the work of Stephens and his 
collaborators (1917). Similarly it is recognised that persons 
suffering from relapses of malignant tertian malaria may have 
parasites present in the peripheral blood for varying periods before 



Photo. I. Section of the spleen showing the Photo. II. Section of normal spleen. 

Malpighian body with vessel cut obliquely and X about 280. 

below it the accumulation of red blood corpuscles, Photographs lent by Pro fessoi Glynn 

x about 280. 


the next attack occurs. But it is also possible that a person who is 
infected may, even if untreated, remain without definite signs or 
symptoms for a long period and then suddenly develop an acute 
attack; instances of incubation periods up to ‘months’ are 
mentioned by Craig (1914). It should be observed, however, that 
in experimental infections in which healthy persons are injected with 
blood containing parasites or are bitten by anophelines containing 
sporozoites in their salivary glands, such long incubation periods 
are not recorded. Ross, whose contribution to the elucidation of 
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this case is dealt with more fully below, does not supply information 
which is of assistance concerning this point. In the case under 
consideration the only evidence of old standing symptoms or signs 
which might possibly be attributed to malaria are that the girl had 
suffered from headaches from Christmas, 1919, her pallor, and the 
fact that she vomited on September 29th. With regard to these 
phenomena, they may be attributed to so many other causes that 
they can give us no clue. 

Spleen . The features which may be regarded as indicative of 
chronicity are the size (644 * grms.) and lack of diffluence. As 
regards the former, Dudgeon and Clarke (1918-19^ give the weight 
of the spleen in a series of fatal eases of pernicious malaria due to 
P. falciparum as varying from 250 to 450 grms.; the highest weight 
m a chronic case was 960 grms. On the other hand, James (1920) 
emphasises the great splenic enlargement observed in indigenous 
cases of simple tertian malaria in children. Previously Osier (iqoi) 
mentioned a case of death from accident during the second week 
of simple tertian malaria where the spleen weighed 800 grms., was 
very dark red, and diffluent. 

II. BY WHAT MEANS DID THE PATIENT ACQUIRE 
INFECTION ? 

The two known methods by which it is possible to transmit 
malaria to a healthy person are the inoculation of infected blood and 
the transmission by the bite of a mosquito with infected salivary 
glands. The incubation period, using such methods, varies 
considerably for malignant tertian parasites, and it is necessary to 
enquire into the periods and how they are estimated. 

The inoculation of Infected Blood into Healthy Persons 

Of the numerous records obtained by inoculating blood containing 
malaria parasites into healthy persons only a small number is 
concerned with the malignant tertian parasite. Some of the early 
experiments collected by Thayer and Hewetson (1895) are, for 
comparative purposes, set out here in tabular form. 

It will be seen from Table I that in the early experiments the 
parasite incubation was long. These early experiments are, however, 
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open to several objections. In Gualdi and Antolisei’s first two 
experiments the inoculation of blood from quartan patients resulted 
in the appearance, in the subjects of inoculation, of malignant 
tertian parasites. The authors had to account for this by discovering 
later that the patient whose blood was inoculated harboured both 
forms of parasite. In the third case recorded by Gualdi and 
Antolisei, and that of Di Mattei, crescents only were visible in the 
blood injected, while in the last case, that of Sacharow, not only 
was the injection small in amount and given subcutaneously, but also 
the blood was taken from leeches which had been fed four days 
previously on the infected person and which, since feeding, had 
been kept on ice. 


Tail* I. 

Plasmodium falciparum. Incubation period following blood inoculation. Early experiments. 


Observer 

! 

1 

i 

Route of 

1 Injection 

Amount 
of Blood 
injected 

c.c. 

Day on which, 
in inoculated person 

Remarks 

Fever 

commenced 

Parasites 

appeared 

i 

i 

Gualdi and Antolisei 

i 

i 

Intravenous ... 

3 

i 

10 

10 

Source of blood, quartan cases. 

Gualdi and Antolisei 

Intravenous ... 

3 

12 

12 

Source of blood, quartan cases. 

Gualdi and Antolisei 

? 

1 

, 2 

! 

9 

10 

Crescents only found in blood 
injected. Crescents seen in 
inoculated person in 18 days. 

Di Mattei . 

1 

( Intravenous ... 

1 

? 

16 

In a few 
days after 
infection 

Crescents only found in blood 
injected. Crescents seen in 
inoculated per*on«in 25 days. 

Sacharow . ( 

1 

Subcutaneous 

I 

12 

■3 

Blood kept in leeches on ice 
4 days before injection. 


Experiments were performed later by Bastianelli and Bignami, 
which are set out in Table II, and from this series a very different 
idea of the incubation period following inoculation is obtained. 
Parasites appeared in the peripheral blood in so short a period as 
two days after injection of 2 c.c. of infected blood, and infection 
resulted after such small quantities as o'2 c.c. of blood injected. 
No mention is made as to the date of crescents appearing in the 
blood in these cases. 
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It appears, then, that the incubation period after experimental 
inoculation, whether as regards occurrence of fever or appearance of 
parasites in the blood, may be exceedingly brief in malignant 
tertian malaria. 

Ross (1920) has suggested the possibility of this case having 
acquired infection by inoculation of blood. There was no evidence 
in the history of the case that such a mode of infection could have 
been the cause. She had cocaine injections for removal of teeth in 
July, 1919, and in February, 1920; for the removal of the teeth, 
mentioned as done on 14th September, 1920, the anaesthetic used 
was ether, and no evidence was obtained either that any such 
injections as morphia had been given, or that infection could have 


Tabu II. 

Plamodium falciparum. Incubation period following blood inoculation. Later experiments. 


Observer Route of 

Injection 

Amount 
of blood 
injected 

1 c.c. 

L.. 

Day on which, 
in inoculated person 

Remarks 

Fever , Parasites 
commenced appeared 

Baatianelli and ... Intravenous .. 

Bignami 

2'0 

2 1 2 


l 

5 -o 

2 2 

Few parasites seen in injected 
blood. 

1 

075 

5 I ? 

Few parasites seen in injected 
blood. 

1 

0*2 

4 1 f 

Fair number of pacasites seen in 
injected blood. 


arisen from abrasions of skin or mucous membranes having 
facilitated transmission. It is regrettable that Ross, who has 
sources of information inaccessible to others, should not have 
communicated the facts in such a form as to have added to our 
knowledge of the various points of interest which must have arisen 
as the result of his observations. The incubation period of 
malignant tertian malaria under such circumstances, the dates of 
the first appearance of symptoms and parasites, and also the 
important question as to the time of the appearance of crescents, are 
all matters of sufficient interest to make welcome any additional 
facts relating to them. 
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Incubation period of P. FALCIPARUM following the Bites of Infected , 
Anopheline Mosquitoes 

The records of experiments of this nature do not comprise 
numerous observations, and in some cases the data given ate 
insufficient for our present purpose. In Table III are shown the 
results of some experiments in which more complete data are given 
by the observers. 


Tabli iil 

Plasmdim falciparum , incubation period following the bites of tnophelinei previously infected. 




Wild 

or 

Bred 


Healthy individual 


Tempera- 


Observer 

Anopheline 

used 

Number 
of mos¬ 
quitoes 
fed 

Number 
of days 
they were 
fed 

Fever 
com¬ 
menced 
in days 

Parasites 
appeared 
m days 

at which 
mos¬ 
quitoes 
kept 

Remarks 

Bastianelli and 
Bignami (1899) 

A. macuHptnnis ... 

Wild ... 

3“ 2 

2 

£-12 

10-13 i 

w°C. 

The person on whom 
the mosquitoes were 
infected developed 
Simple Tertian 
Malaria in 17-19 
days. 

Schiiffner (1901) ... 

A. vagus . 

Wild... 

? 

' 2 

15-16 

17-18 

Room 

Large rings found. 

Janctd (1908) 

A. macuUpmnis ... 

Wild... 

2 

1 

12 

12 

24 0 C. 

Quinine, 1 gm. on 7 th 
day after bites. 

Jancsd (1908) 

A, maculipcnnis ... 

Wild ... 

; 

1 

2 

10-15 

n-16 

20° C. 

Quinine given after 
first bite, 1 gm., 

1 gm., 15 gm., 
15 gm., on 8th, 
9th, 10th, nth days 
respectively. 

Mittmain (1916) ... 

A. quadrimaadatus 

Bred ... 

1 

1 

10 

10 

21-22" c. 

1 

Accidental infection. 


In these experiments the maximum parasitic incubation period 
of P. falciparum after infection by means of bites of infective 
anophelines is eighteen days, the minimum ten days. 

Before accepting the results of these observers, however, it is 
necessary to enquire more closely whether they are justified in 
regarding the experiments as conclusive. In Bastianelli and 
Bignami's experiment wild A. maculipenms were fed, for the 
purpose of infecting them, on a patient suffering from malignant 
tertian fever; this patient after seventeen to nineteen days from the 
commencement of feeding the mosquitoes on him showed in his blood 
the parasites of simple tertian fever. If the wild mosquitoes 
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infected him with Plasmodium vivax it appears not improbable that 
they might also infect with P. vivax the healthy person on whom 
they fed, and, therefore, one would expect that corroborative 
evidence such as the date of appearance of crescents in this case 
should be given. Apart from this, there is evidence, in some of 
these records, that the population used for experiment was subject 
to multiple infection. Reference has already been made to the fact 
that Gualdi and Antolisei, using the blood of patients supposed to 
be carrying P. malariae , obtained in the person injected 
P. falciparum This may be capable of many explanations, even 
excluding Laveran*s theory, recently revived by Grassi (1920), of 
the unicity of the parasite, for example that they conveyed the 
parasite of malignant tertian fever by the inoculation, or that the 
person inoculated was himself already suffering from infection with 
P. falciparum or that he acquired such infection from mosquitoes 
independently of the inoculation. In the same way, in Bastianelli 
and Bignami’s case, additional evidence as regards the species of 
parasite recovered is not available. In Jancso’s experiments the 
administration of quinine may have influenced the incubation 
perod. Mitzmain’s accidental case appears to be the most satis¬ 
factory. 

These considerations are mentioned in order to draw attention 
to the limited amount of reliable information available concerning 
the incubation period of P. falciparum . Factors such as the use of 
wild mosquitoes, experimenting among an already infected popula¬ 
tion, and the administration of quinine after the infective bite reduce 
materially the value to be attached to the figures. A further point 
to be mentioned, which may seriously affect the parasitic incubation 
periods given above, is that, as noticed previously, parasites are 
frequently present in relapse cases before a temperature reaction 
occurs. The importance of remembering this fact is seen when we 
consider Tables I, II and III. It will be noted that in these experi¬ 
ments, fourteen in number, parasites were always discovered either 
after the day of fever or on the day of fever, with the exception of 
one case (di Mattei), in which they were found ‘ a few days after 
injection.’ 

From what has been said, therefore, it is seen that the incubation 
period of malignant tertian malaria is a subject which would repay 
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further study. At present the evidence points to a minimum 
incubation, for inoculation of two days, and for mosquito bites of 
ten days. In view of the absence of evidence of inoculation infec¬ 
tion in this case, we must suppose that an anopheline was the means 
of infection. There appears to be no sufficient evidence to exclude 
the possibility of a more brief incubation than ten days, the more 
so when we consider that a formerly accepted minimum incubation 
period of ten days for blood inoculation has given place to a later 
minimum incubation period of two days. 

III. AT WHAT TIME AND WHERE DID THE CASE 
BECOME INFECTED? 

It has been necessary to deal with a portion of this question 
above in discussing incubation periods, but there are other facts 
which may be employed to throw light on the subject. 

Some assistance may be obtained from a study of the crescents 
and sporulating forms. Thomson (1911) states that, as a general 
rule, crescents appear in the peripheral blood on the fifth day after 
the attack of fever. 

Marchiafava and Bignami (1894) found crescents in the finger 
blood of thirteen primary cases, usually between the seventh and 
eighth day of the disease, rarely as soon as on the fifth. Bignami 
and Bastianelli, who examined cases by spleen puncture, found 
crescents in the spleen as early as the seventh and eighth day, and 
exceptionally also in the peripheral blood. 

It is seen from these observations that the spleen did not contain 
crescents any earlier than the peripheral blood. This corresponds 
with the findings in the present case, because an examination of 
smears of peripheral blood, spleen and bone marrow showed that 
whereas crescents were scanty in both peripheral blood and spleen, 
they were very numerous in the bone marrow. From this fact 
alone it could be deduced that death had occurred too early for 
crescents to be liberated from the bone marrow in large numbers. 
It has been shown by Marchiafava and Bignami (1894) that in 
certain cases of fatal malignant malaria, crescents may be scanty in 
the peripheral blood, spleen, and other viscera, while a very large 
preponderance of them is found in the bone marrow, where they 
may be seen in all stages. They conclude that the bone marrow 
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forms, if not the only, at least the most suitable site for the growth 
of crescents. They compare the passage of crescents from the bone 
marrow, where they are formed, with the corresponding passage of 
nucleated red cells from the bone marrow where they also are 
usually generated, into the general circulation. 

Dudgeon and Clarke (1918-19) did not find crescents in their 
cases; they state in general of their fifty-one cases that no histological 
changes worthy of special reference were noted in the thyroid, bone 
marrow, testicles and pituitary body. They cite a very acute case 
of the haemorrhagic type, but no special mention of the condition 
of the bone marrow is made; it is a significant fact, however, that 
this case died in three days. 

Applying the crescent periods and incubation periods to the 
present case we have a sequence, tracing back from the day of 
death, as follows:—October 12th, day of death, crescents present 
in small numbers in blood; allowing five days for crescents to 
appear in peripheral blood after paroxysm gives October 8th as 
day on which in a normal case the paroxysm should have occurred; 
allowing four days before this as the time when sporulating 
parasites first appeared in the peripheral blood, brings us to 
October 4th. From September 27th to October 4th is left for 
parasitic incubation period on the theory that she became infected 
by mosquito bite in the health resort in which it is known she was 
exposed to anophehnes. This parasitic incubation period (seven 
days) is, even on the figures derived from the available experi¬ 
mental evidence, a probable one, and the history of the case supports 
it. It should be recalled that in this patient no shivering or 
sweating occurred and that we are dealing with a case of poor 
physique and considered to have been anaemic, the effect, of which 
conditions upon incubation and reaction may be highly important, 
although by no means sufficiently recognised. Incubation will 
necessarily vary with the rapidity of the cycle of development of 
the parasite, the special reproductive energy of the particular 
parasite involved and the capacity of the infected human organism 
to facilitate or impede such parasitic reproduction. 

In the light of our present knowledge of incubation periods, the 
occurrence of a mosquito infection six years ago or an inoculation 
infection eight months ago seems improbable, and we have further 
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no evidence at present to warrant us in regarding the case as one 
of endemic malaria. We are, therefore, compelled to decide 
whether she was infected at Liverpool or in the resort referred to. 
The evidence appears to me to support the last named as the place 
of infection. 


THE SIGNIFICANCE OF CRESCENTS 

Thomson (1911) considers the development of immunity to be 
necessary before crescents can be produced, but he thinks that they 
arise from ordinary merozoites, the period required for full develop¬ 
ment from merozoites to crescents being about ten days. He found, 
in common with previous observers, that crescents appeared in the 
blood about five days or more after the paroxysm, but while 
accepting the existence of a condition of immunity as essential to 
their production, he does not attribute their delayed appearance to 
the lapse of time required before immunity is established but simply 
to the length of time required for their development. The idea 
that the delay was due to the time required for immunity to estab¬ 
lish itself had been put forward by Marchiafava and Bignami (1894) 
partly and also by Stephens and Christophers (1908). From a 
study of the appearances in this case, it is clear that the crescent- 
producing process was more advanced in the bone marrow than in 
the spleen or blood, and if the crescent-producing process is an 
'immunizing* one, we may safely assume that its effect was first 
felt by the parasites in the bone marrow. Some evidence which 
might support the view that the process is connected with 
immunization may be obtained from a comparison of the relative 
numbers of crescents and segmenting forms present in the peripheral 
blood, spleen and bone marrow, respectively. • In the peripheral 
blood the number of crescents and segmenting forms was about 
equal, in the spleen the segmenting forms far exceeded the crescents 
(fifteen to one), while in the bone marrow the segmenting forms 
were far outnumbered by the crescents (one to ten). Unless we 
assume that segmentation occurs at different hours in the bone 
marrow and spleen, or that red corpuscles containing young tropho¬ 
zoites cannot enter the bone marrow, on neither of which points 
is there any evidence, we are compelled to conclude that some 
agency in the bone marrow which causes the production of crescents 
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also prevents the completion of segmentation; that is to say, the 
bone marrow is the seat of a process which hinders the asexual 
while it facilitates the sexual development. 

The number of crescents produced in any area such as the bone 
marrow which contains only a proportion of the total blood must be 
so small relatively to the areas where segmentation is occurring 
freely, that it seems evident that a certain time must elapse before 
the crescents reach the visibility point in the peripheral blood. 
This, in my opinion, is the real cause of the delay in their 
appearance, not only in primary cases but in relapses, and the delay 
seems bound to occur, even supposing that the ‘ immunizing 1 process 
already exists or becomes operative immediately in the bone marrow 
or other organs. It appears that this delay must occur, and that it 
is not necessary to attribute it to a growth period of the parasite, 
of the duration of which growth period this very delay is the only 
evidence. In this case the ‘ immunizing' process had commenced 
in the bone marrow, but there was no evidence, as indicated by 
great crescent production, that it had commenced in the other 
tissues available for examination. It is possible that in other cases 
it may occur early in other organs also. 

NATURE OP THE * IMMUNIZING * PROCESS WHICH RESULTS 
IN THE PRODUCTION OF CRESCENTS 

Nothing definite can be deduced as to what this process is or 
what are the factors which call it into operation. But that it is in 
many cases quickly operative in the bone marrow is obvious, not 
only from this case but also from the observations mentioned above 
of the early appearance of crescents in bone marrow. It is also 
clear that many primary cases in which this process is already 
established in the bone marrow, nevertheless die, which supports 
the view that if the process is an f immunizing * process it is focal 
in origin. 

That the process is initiated by the mere presence of, or rupture 
of, segmenting forms, or by the toxins or pigment liberated at 
sporulation, is unlikely, in view of the observation in this case that 
in the spleen, where the most numerous segmenting forms occurred, 
crescents were scanty. 



SUMMARY 


1. A patient who had never been out of the British Isles died 
of malignant tertian malaria in Liverpool on October 12th, 1920. 

2. There is evidence that this was an acute primary attack. 

3. There is no evidence to show that this case acquired infection 
by other means than mosquito bite. 

4. From a consideration of the records of incubation period and 
crescent formation, it is probable that the infection was acquired on 
or about September 27th, on which occasion she was in a northern 
health resort where anophelines are plentiful (A. maculipennis , 
A. bifmeatus and A. plumbeus ). 

5. Some evidence is given that crescent formation commences 
in the bone marrow, and that it is accompanied there by a failure 
of complete development in the asexual forms. 

6. The ‘immunizing' process which causes the above effects in 
all probability commences in some cases very early in the infection, 
but the crescents indicative of this process do not appear in the 
peripheral blood for some time. 

7. The late appearance of crescents in the peripheral blood in 
infection with P. falciparum is explained on the ground that the 
source from which they arise is limited in extent. 
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Plates X— XIV 

In recent years much interest has been shown in the mosquitoes 
of the British Isles, and many new observations have been made 
which increase our knowledge of the species which occur here. 
Twenty-two species, including three members of the genus 
Anopheles , have now been recorded from the United Kingdom, and 
many of them arc also known to occur in Ireland; but, so far 
as we are aware, no information concerning the mosquitoes of the 
Isle of Man is available. Having recently had occasion to visit the 
Island, we took the opportunity of investigating the occurrence and 
distribution of mosquitoes. As, however, our visit extended over 
only a portion of November and December, it was impossible to 
make any detailed investigation of even those mosquitoes of which 
the over-wintering stages are known and readily found. Our 
activities were for the most part confined to localities easily 
accessible by railway or tramway, and were, therefore, mainly 
limited to the coastal region. The places visited and the records 
obtained are shown in the appendix and map. 

GENERAL CONSIDERATIONS 

I. Anopheline Mosquitoes. 

A. bifurcatus , L. The larvae of this species were abundant and 
widely distributed over the Island, and were found without difficulty 
in spite of the fact that residual breeding-places only could be 
discovered at this time of the year. As is sometimes the case with 
mosquitoes of this kind, larvae were found in certain of the 
breeding-places only after considerable searching; this was especially 
noticeable in the more extensive breeding-places, such as the marsh- 
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land (Photo. J*o, i ) in the neighbourhood of Ballaugh and Sulfey.. 
On the other hand, relatively large numbers were sometimes obtained 
in a short time in the more circumscribed waters, such as the 
artificial pond at Groudle Glen (Photo. No. a) and in the ditch at 
Castletown (Photo. No. 3). In the latter case, in the small ditch 
shown on the right of the photograph, over sixty larvae were 
captured in ten minutes by one person using a small scoop. As will 
be seen in the photographs, breeding-places of A. bifurcatus were 
found in various types of country, even close to the sea (Photo. 
No. 4); they occurred also in situations where free water was only 
discovered by dose inspection and was chiefly limited to hoof 
prints, etc. (Photo. No. 5). They were also found in the near 
neighbourhood of towns, as shown in Photo. No. 6 (Appendix, 
No. 15). 

A. maculipenms, Mg. Hibernating females of this mosquito 
were not found in such large numbers as (in view of the numerous 
potential breeding-places observed) we expected. All types of 
cow-sheds, stables, and other out-buildings from those of 
modem construction—high-roofed, well-lighted and well-ventilated 
—to those of primitive form—small, dark and badly ventilated— 
were systematically examined; it was naturally impossible, however, 
to obtain access to houses, and, therefore, it is not possible to give 
records relating to them. In only one case (Appendix, No. 21, 
Photo. No. 7) was any considerable number of females found, when 
one hundred and forty-seven were captured, this representing the 
great majority of those present in the building. In accounting for 
the relati\ely small numbers seen, the following two facts, which 
came under our notice, are possibly of some importance: — 

1. Cleaning and lime-washing. In several instances we were 
informed that a thorough sweeping of the walls and roof to remove 
cobwebs had recently been carried out; this procedure in some cases 
had been followed by lime-washing. 

2. Accidental cleaning of the roofs. Having observed in some 
cowsheds and stables with low flat roofs that cobwebs existed only 
in the comers, or over the manger, we made enquiries as to the 
reason of this. It is to be attributed to the practice of carrying on 
a fork the hay used as fodder, thus repeatedly brushing the greater 
portion of the roof. 
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A . piumbeus , Steph. Although the Isle of Man is by no means 
heavily wooded, we experienced little difficulty in discovering the 
larvae of A. piumbeus on numerous occasions. The breeding-places* 
were similar in nature to those of which we have given illustrations 
in our previous papers (1920). We found here a surprising 
difference in the tendency of the Spanish chestnut ( Castanea 
sativa) to form rot-holes, and although no systematic survey was 
carried out, yet of nineteen breeding-places discovered, four 
occurred in this species of tree; whereas in Liverpool and district, 
of sixteen breeding-places found, none were present in the Spanish 
chestnut. Photo. No. 8 displays the most interesting breeding- 
place of this mosquito that we have yet discovered; a full description 
of it is given on p. 87 (No. 34). Interesting breeding-places were 
also found immediately adjacent to an out-door latrine (Photo. 
No. 9) at a country farmstead, and near the centre of a town as in 
Photo No. 10 (Appendix, No. 31 f). 

It is necessary to note here that in no instance were the larvae of 
Ochlerotatus geniculatus , Ol., discovered. So far as our investiga¬ 
tions have gone, although we have commonly found this species in 
the United Kingdom in association with A. piumbeus , we have 
entirely failed to find it either in Ireland or the Isle of Man, 
although A. piumbeus is abundant in both places. 

II. Culicine Mosquitoes. 

Culex p 7 piens y L. Females of this species were found in several 
of the localities in which buildings were visited. They were 
frequently found associated with A. maculipennis in occupied cow¬ 
sheds, stables and piggeries, but were distinctly more numerous in , 
cooler stituations, i.e. t cellars, lofts, out-houses, etc. (Appendix, 

p. 88). 

Theobaldia annulata> Schr. Larvae, pupae and adults of this 
mosquito were discovered in various places. The adults were 
relatively uncommon, but females were occasionally found in 
buildings, and, on one occasion (November i8th), both sexes were 
emerging from pupae contained in a wooden tub. This was 
standing in the back garden of a cottage at the Nunnery Mill, 
Douglas; the position of the tub in relation to the cottage is seen 
in Photo No. 11* The dimensions of the tub were 18 inches in top 
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diameter and 12 inches in depth; it was nearly full of rain water, 
which, cm being stirred, produced a very evil odour due to a mass 
"of putrifying leaves lying on the bottom; no larvae were found. 
Eighty-four pupae were collected from the tub, and from seventy- 
eight of these, twenty-seven males and fifty-one females emerged. 
Pupae of T. annulata were also found at Ramsey on November 22nd, 
in a marshy meadow situated behind the town (Photo. No. 6). 
Larvae of the second,* third and fourth instars were abundant, and 
occurred in several different types of breeding-place (Appendix, 
p. 8S). 

Culicella morsitans , Theo. Larvae of various sizes were found; 
they sometimes occurred with the larvae of T. annulata , but were 
more definitely limited in regard to habitat. They were always 
found in open water containing abundant vegetation, and, in 
marshy land, appeared to favour more particularly the immediate 
neighbourhood of clumps of rushes (Appendix, p. 89). 

Culicella fumipennis , Steph. Larvae of this species were found 
in one locality only, namely, in the extensive peat bog-land or 
'curragh* in the vicinity of Ballaugh. They were, however, taken 
in two sites, but the nature of the breeding-places in regard to the 
types of vegetation present and colour of the water (reddish-brown) 
appeared identical. These larvae, some of which appeared but 
half-grown, were of a characteristic yellowish colour, and could 
immediately be distinguished from those of C. morsitans , which 
were darker and distinctly brown (Appendix, p. 89). 

APPENDIX, GIVING RECORDS OF SPECIES OBTAINED, UNDER 
PLACE NAMES ARRANGED IN ALPHABETICAL ORDER 

Anopheles bifur cat us , L. 

(1) Ballaugh, December 6th. 

(a) The country immediately north of the railway to the East 
of Ballaugh Station presents features which are peculiar to this 
portion of the Island. It is a flat, desolate marshy country, with 
large expanses of water interrupted by collections of low bush and 
reeds. In Photo. 1, which gives a good idea of the appearance of 
much of this region, known as 4 the Curragh, 1 the foreground repre¬ 
sents an area adjoining the path, completely waterlogged and 
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communicating with the open water beyond. Larvae were found 
among the coarse grass seen in the foreground of the picture, but it 
was impossible to make any observations cm the open waters. 

Besides this breeding-place, two others were found of quite a 
different character. 

(b) One was a pond in a field where the peat formation of the 
district was observed at the edges of the pond itself, and also in 
the brown discolouration of the water. Here larvae were obtained 
after breaking ice one-eighth inch thick. 

(i c ) The other was near the railway line close to the station, and 
was a cutting for water, having a high bank, formed by the railway 
track, on one side. The water was clear and flowing, but in shallow 
areas at the margin, where grass, duckweed and watercress provided 
shelter, larvae were numerous. 

(2) Castletown, November 30th. 

(a) Near the public park, and separated from it by the river 
(Silver Burn), is a meadow with a stream running through it; this 
stream at the time of our visit was overflowing at various points, 
covering a large area with shallow, stagnant water. Only at one 
end of the flooded area, in a boggy patch, with hoofprints, was a 
single larva obtained after considerable searching, and none was 
found in the stream itself, which was moving fairly rapidly. 

(b) In striking contrast to the absence of larvae from the centre 
of the meadow, was their abundance in a narrow ditch on the side 
remote from the river (Photo. 3). 

In the photograph the ditch in question is on the right, while the 
flooded area extends to the left for a considerable distance outside 
the picture. In this ditch, which varied in width from 3 feet to 
about a foot in some parts, and which was a foot deep with over¬ 
hanging banks, sixty larvae were collected in ten minutes by one 
person using a small scoop. The vegetation was chiefly grass and 
watercress, and from the abundance of life of various kinds present 
we were led to conclude that this formed a permanent and very 
suitable breeding-place for A. bifurcatu's, 

(3) Douglas, November 18th. 

In the neighbourhood of Douglas outside the Nunnery estate, 
about twenty minutes* walk from the quay, an extensive breeding- 
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ground is present. It is that portion of flat land which lies to the 
right of the path outside the Nunnery towards the racecourse. The 
only indication of the marshy nature of this ground was the 
appearance erf reeds, as the water was concealed by the vegetation 
and was not visible even at a few yards distance. 

The area is approximately 120 yards by 35 yards, and is 
continuous with a similar area not examined by us on the left of the 
path, where it turns towards the racecourse. In the area under 
consideration latvae were constantly found on testing in various 
directions at five-yard intervals, very frequently m hoofmarks. 
Beyond this field, across .the hedge towards the racecourse, is what 
appeared at first sight to be a continuation of the same sort of halt 
marshy ground, but the water present was red and contained a great 
quantity of flocculent material. No larvae were found here despite 
prolonged testing. 

(4) Glen Garwick Road, November 19th. 

No larvae were found actually in this glen, although a swampy 
patch just in front of the hotel was regarded as promising, but a 
breeding-place occurs beside the Electric Tramway line from 
Groudle, just beyond the level crossing past Liverpool Arms Hotel 
to the left of the line going towards Garwick. Larvae were found 
here in a field which was marshy, and their distribution appeared 
to coincide with the occurrence of patches of duckweed. 

(5) Glen Greenatigh, December 1st. 

In a pond on the property of Balia Vale, just above the weir 
across the stream, larvae were found in small numbers. The pond 
contained a large quantity of dead leaves, and at one end where 
larvae were found grass was present; it is situated about 150 yards 
from the house. 

(6) Glen Groudle, October 28th and November 16th. 

(a) On the occasion of the preliminary visit, a large breeding- 
place was found in the glen in the shape of an artificial pond which 
lies between the path and the river, and which is used as a fernery. 
The breeding-place is 80 yards long by 25 yards across at its wfdest 
part, and is situated about 500 yards from the viaduct. The pond 
is sub-divided into what is practically a series of small ponds by 
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tn»ang of banks of considerable width. Larvae were found with 
all over the area. The vegetation consists of coarse grass, 
reeds, waterlilies and, on the banks, ferns (Photo. 2). 

(£) On the second visit, by passing down the glen, we found a 
breeding-place at Groudle Creek in close proximity to the sea, 
separated from it, in fact, only by a bank of shingle and the banks 
of the river itself; it is seen in Photo. No. 4. 

From its proximity to the sea and from the presence of much 
seaweed and flotsam in this collection of water, we concluded that 
it must contain a considerable excess of sodium chloride, and the 
water had a brackish flavour; but analysis* showed that, in fact, it 
contained only 7'63 parts per 100,000, which is stated to be lower 
than many potable waters of the Isle of Man. 

This breeding-place, which was about 30 yards from the sea and 
100 yards from the nearest croft, did not yield numerous larvae. 

(7) Glen Laxey, November 20th. 

Close to the entrance to Laxey Glen Gardens there is a boggy- 
lookmg field on the left of the path, in which larvae were found. 
The field is bordered by a wall (seen in Photo. 5), which separates 
it from the bandstand and pleasure ground. To the right of the 
position seen in this photograph are various swings and apparatus 
for the amusement of the numerous children visitors. The hotel lies 
behind the camera to the right at a distance of about a hundred 
yards. 

It may be noted again here that even at a short distance the 
presence of water could not be perceived, but could only be inferred 
from the character of the vegetation. 

(8) Glen Sulby, December 7th. 

The Curragh region mentioned above in connection with Ballaugh 
extends towards Sulby Glen, and can be approached from this 
point. 

(a) At the edge of the Curragh larvae were found in a field 
surrounded by stagnant ditches. The centre of the field was 
swampy and larvae were found here, and, where the water was clear 
among the reeds, in one of the ditches bordering the field; in two 

• Kindly earned out for u> by Mr. Fyffe of the Public Analyiti Laboratory, Douglas, 
Isle of Man. 
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other ditches, where the water was loaded with red floceulent 
material, no larvae were discovered. 

( 4 ) Another breeding-place was found in Sulby itself, about 
400 yards from the Glen Hotel. It was a marshy piece of ground 
beside the road, and was bordered on the far side by an area of 
higher ground where many trees had recently been cut down. The 
photograph showing this breeding-place of A. bifurcates shows also 
a very uncommon breeding-place of A. plumbeus , and will be found 
under the latter heading, Photo. 8. 

(9) Glen Willyn, December 7th. 

In the terminal part of this glen, about 300 yards from the sea, 
there are pleasure grounds furnished with bandstand, swings, etc. 
These abut on the small stream, and just opposite them is a narrow 
wet strip of ground at the foot of a steep hill. In this wet area 
larvae were found in that portion adjacent to the fence which runs 
along the side of the stream, and separated from the pleasure ground 
by only the width of the stream. 

(10) GREEBA, December 5th. 

The railway from Douglas to Peel runs in a valley for a consider¬ 
able portion of the way. The land close to the railway is marshy, 
and has at intervals much free water lying on it. This strip of wet 
land was examined in the region of Greeba, and there was no 
difficulty in finding larvae. 

(11) Peel, December 8th. 

Larvae were found in a small narrow drain at the foot of tjie hill 
bordering the road along the quay on the way to Peel Castle. The 
water was sluggish and much grass was present in many places. 

(12) Port Erin, November 26th. 

Three breeding-places were discovered in this locality. 

(a) The first was in marshy ground in the valley near the far end 
of the golf course. 

(b) The second was a slow-moving stream with high banks and 
much vegetation, chiefly grass and watercress situated between Port 
Erin and Ballafesson village. 

(c) The third was a small piece of marsh land covered with reeds 
in the centre of the village of Ballafesson. 
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(13) Port Soderick, December 5th. 

About half a mile before Port Soderick, on the road from 
Douglas, beside the road a breeding-place was found. It consisted 
of a pool of clear water, deep in the centre with a rapid streamlet 
running through it. The vegetation was considerable, and consisted 
of a fairly thick layer of duckweed which covered the centre of the 
pool and reached to within a few inches of the edge in most places. 
The edges were covered with grass and duckweed. The larvae were 
present in numbers, and were found chiefly near the edges. 

(, 14) PORT St. Mary, November 29th. 

Close to the station, in a meadow belonging to Ballacreggan 
Farm, just behind the gas works, a small ditch a foot wide, over¬ 
grown with grass and not conspicuous, proved to contain larvae. 
The water was clear and had a few patches of duckweed on it at 
intervals, and the surface of the water was about a foot below the 
level of the banks, which were undermined. 

(15) Ramsey, November 22nd. 

An excellent breeding-place was encountered on the outskirts of 
the town. The extent of this area, a marshy field, is 120 by 
120 yards, approximately. Very numerous larvae were found here. 
Situated about 15 yards away is the playground of a large school, 
which can be seen in Photo. No. 6. In the whole of this area larvae 
were found. 

(16) St. John’s, December 8th and gth. 

(a) Larvae were found in a pool in a field adjacent to the 
station. This pool serves partly as a cesspool for drainage from 
the station lavatories; it is situated 10 yards from the platform, 
6 yards from the lavatories and about 30 yards from the main road. 
The water was slightly coloured, the margins very boggy, and the 
vegetation mostly rushes with some duckweed and grass. 

( b ) On the road from St. John’s to Peel, in a field on the right 
side of the road about half a mile out of St. John’s, larvae were 
found in the margins of a narrow, rapid stream at the foot of a hill. 

(V) Further on the road, about a quarter of a mile beyond this 
breeding-place, a considerable amount of marshy ground exists at 
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the side of the railway. There is an extensive breeding-place 
between the railway and the St. John’s-Knockaloe Road, the edge 
of the marshy ground lying ioo yards distant from the nearest 
farmstead. 

Anopheles tnacuUpennis, Mg. 

* 

A number of cowsheds, stables, piggeries, fowl-houses, latrines, 
outhouses, cellars, lofts, sheds and shelters of various kinds were 
examined with a view to finding the adults of this mosquito. 

(17) Ballaugh, December 6th. 

(a) Three cowsheds were examined, of which two were 
small, dark, warm, flat-roofed, with numerous cobwebs 
present, and the third lofty, well-lighted, with gable roof 
and almost free from cobwebs. In one of the former, three, 

and in the last, one A. maculifennis 9 were captured. Total 4 9 

( b ) One stable of modern construction, with high gable 

roof, but rather dark . 29 

(18) Castletown, November 30th. 

(a) One cowshed, small, dark, warm, low-roofed, situated 

m the centre of the town .10 9 

(b) One stable for two horses, in centre of town, low- 

roofed and warm, with few cobwebs except in one comer ... 39 

(c) One outhouse adjoining stable, and of same construc¬ 
tion, used as a potato store, cooler and draughty .. ... nil 

(d) Two lofts; one Warm, dark, slate-roofed, with few 
cobwebs, situated over (b) and ( c ), ml; the other situated • 
above («), dark, slate roof, numerous cobwebs, 1 9 Total 1 9 

(19) Douglas, November 18th. 

At the Nunnery Mill the following were examined: — 

(a) Stable, a large, dark stable on ground floor, just being 

whitewashed, few cobwebs . nil. 

(b) Fowl-house, low and dark . nil. 

(c) Cellars extensive, low-roofed, under mill house ... nil. 

(d) Loft situated above ( a ), but not newly whitewashed, 

cobwebs numerous . nil 

(e) One stone-built shelter, used as a fowl run . nil. 
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At the back of the town: — 

(a) Stable, small, dark, flat-roofed, warm, numerous large 

cobwebs . nil. 

(fi) Outhouse adjoining, lighter and cooler . nil. 

(v) Loft above (a) and (£), dark, warm, wood-roofed ..: nil. 

(20) Glen Garwick Road, November 19th. 

(a) One stable, disused . nil. 

( b ) One loft, above (a) ... ... ... ... ... nil. 

(21) Glen Groudle, October 30th, November 15th and 16th. 

(a) One cowshed, situated 15 yards from a cottage 

(Photo. 7) and 100 yards from a breeding-place of 
A . bifurcatus was examined. It was gable-roofed but dark, 
low, warm and had many cobwebs. The door was central in 
the side wall, and at one end two cows were kept, fhe other 
end being a coal and wood store. There were captured here, 
distributed equally over both ends of the shed, but less 
numerous just at the door .147 9 

( b ) One stable for two horses, dark, flat-roofed, 
moderately warm, but draughty.22 $ 

(c) Three latrines near stable .. . nil. 

( d ) Four cellars situated near stable, two in house and 

two under verandah . nil. 

( e ) Three outhouses. nil. 

(/) One loft over (A*), communicating with the stable by an 

opening two feet square above the manger, and by ladder 
entrance also, well-lighted, clean and airy, recently renovated 
roof of corrugated iron, few cobwebs, draughty . nil. 

(g) Two sheds, corrugated iron, a few yards from stable, 

contaiaing piles of wood. nil. 

( h ) One shelter (public) in glen . nil. 

(i) One kennel . nil. 

(22) Glen Sulby, December 7th. 

Two cowsheds: — 

(a) One very small, two animals, gabled, corrugated iron 
roof, dark, warm, the roof moist, cobwebs very numerous ... 9 9 

(Jb) Similar but wood-roofed, recently swept, few cobwebs nil. 
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(23) Kirkmichael, December 7th. 

(a) Three cowsheds, fiat-roofed wood, dark, warm, clean, 

to hold twenty, eight, four animals, respectively . nil. 

(b) One pigstye, usual type, dark, fairly warm, cobwebs 

numerous. nil. 

(c) Qne loft above largest cowshed, high gable roof, 

dark, warm, many cobwebs . nil. 

(24) Peel to St. John's, December 8th. 

(a) Two cowsheds: — 

(i) Large, sixteen animals, fiat-roofed, warm, cob¬ 
webs over mangers and in corners only . 49 

(ii) Large, ten animals, flat-roofed, dark, few cob¬ 
webs, except in corners.17 9 

(i b ) Two stables: — 

(i) Flat wood roof, warm, dark, few cobwebs ... 29 

(ii) Similar but more cobwebs # . nil. 

( c ) One latrine outside house . nil. 

( d ) One loft above (a) (ii); high gable roof, cool and airy, 

containing straw and hay . nil. 

(25) PORT Erin, November 26th and 29th. 

(a) Four cowsheds: — 

(i) Two, low flat wood roof, dark, ’warm. nil. 

(ii) Two, iron roof, low, warm, moist, dark ... nil. 

(b) Three stables, dark, unventilated, cooler than cow¬ 
sheds. In one . 1 9 

( c ) One pigsty, low, dark, wood roof, many cobwebs ... nil. 

(< d) Two fowl-houses, thatched low .- nil. 

(e) One loft above (a) (i), dark, cool . nil. 

(26) Port St. Mary, November 29th. 

(a) Two cowsheds, large, dark, gable, slate roof recently 

limewashed, few cobwebs . nil. 

(b) One outhouse, continuation of cowshed, cold, draughty nil. 

(c) Two sheds, one for straw, one for carts . nil. 
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(27) RAMSEY, November 22nd, 23rd and 24th. 

(a) Four cowsheds: — 

(i) One for six animals, low wood roof, dark, 

warm . 1 9 

(ii) Three, first rather light, cool, corrugated iron 
roof; second and third warm, low wood roof, dark; 

in third . 3 9 

(b) Four stables: — 

(i) One large, airy, high corrugated iron roof, few 
cobwebs, accommodation for about fifty horses ... I 9 

(ii) Two, small, wood roof, dark, with cobwebs... nil. 

(iii) One, airy, light, cool, wood roof, cobwebs 

numerous. nil. 

(c) Six pigsties; usual type, in each of two, one female. 

Total ... 29 


Anopheles plumbeus y Steph. 

(29) B ALLAS ALLA, December 9th. 

Sycamore. A breeding-place was found just outside the 
churchyard of the Abbey Church, between it and the river. The 
tree was situated a few yards from the road. The aperture was at 
a height of 5 feet from the ground and inches in diameter, depth 
of hole 6 inches; the water was yellow tinged. 

(30) BALLATJGH, December 6th. 

Sycamore. In the farmstead of Mr. Kneen a breeding-place of 
this mosquito was found in a tree situated about 30 yards from the 
dwelling-house. The aperture, situated 8 feet from the ground, 
was 6 inches in diameter and the depth of the cavity 12 inches. 
Small larvae only were found. 

(31) DOUGLAS, October 30th, November 18th, December 3rd. 

Seven breeding-places were found in and near Douglas. On the 
previous visit, October 30th, two breeding-places, (a) (b)> were 
found in the small glen behind Falcon Cliff Hotel. 

October 30th: — 

(a) Sycamore , situated 15 yards from the garage and 27 yards 
from the main road. Aperture at feet from the ground, diameter 
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about 6 inches, depth 9 inches. The whole trunk was hollow. 
Large and small larvae numerous. 

(b) Sycamore, 60 yards from garage and 10 and 12 yards, 
respectively, from two roads. Aperture 1 foot from ground, hole 
9 inches deep; small larvae. 

November 18th:— 

(c) Sycamore in garden of Nunnery Mill Cottage, situated 
12 yards from house. Aperture 12 feet from ground, measuring 

2 by 1^ inches, numerous larvae. 

( d ) Lime in paddock below cottage and mill. Situated 30 yards 
from house and 15 yards from the mill. 

(e) Sycamore just outside garden of Mill Cottage. Aperture 
about 4 feet from ground, with a smaller aperture 3 feet from the 
ground almost level with the water. Owing to difficulties in either 
siphoning or scooping out the water in this cavity, resort was had 
to flushing out the larvae by pouring a bucket of water into the 
upper opening and catching the water as it emerged from the lower 
opening. 

December 3rd: — 

( f) Sycamore situated in garden of Marina Terrace, at the 
junction of two streets and distant 20 yards from an elementary 
school (Photo. No. 10). Aperture at 2 feet from ground 5 by 

3 inches in size and cavity 6 inches deep. 

(g) Sycamore in same garden 5 yards from the previous one. 

Aperture 2 feet from ground 8 by 5 inches, depth 2 feet; small 
larvae numerous. % 

(32) Glen Groudle, November 19th. 

Spanish Chestnut. Just where the bridge on the high road 
crosses the Groudle river, a very large breeding-place was found. 
The aperture, which is at 10 feet from the ground, appears over 
the parapet of the bridge and is 9 inches in diameter, the cavity 
being full of red water to within 2 inches of the lip of the aperture. 

(33) Laxey, November 20th. 

Spanish Chestnut. In Laxey Glen Gardens, on the right side 
of the arena in front of the bandstand, are some trees on a slightly 
raised terrace; in one of these, larvae were found; aperture at 6J feet 
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from the ground, 3 inches in diameter and facing upwards, depth 
of cavity 15 inches. 

(34) Glen Sulby, December 7th. 

Ash. Breeding-place found in this locality is of exceptional 
interest. In an area situated 400 yards from the Glen Hotel, where 
many trees had recently been cut down, larvae were found in the 
stump of an ash tree. The aperture is a foot in diameter, but before 
water is reached at 18 inches from the top of the stump the cavity 
has widened greatly, so that the surface of the water is very much 
larger than the aperture of entrance. Not only so, but also the 
cavity extends downwards until it is much below the level of the 
ground. That the breeding-place is a true rot-hole, and entirely 
contained in the tree stump, is shown by the facts that it was 
impossible to push a stick down through it at any place, and that 
the water was deep red in colour; it contained numerous larvae of 
Myiatropa florea and various chironomids (Photo. No. 8). This 
photograph is further of interest because the marshy ground below, 
indicated by arrow, is a breeding-place of A. bifurcatus. 

(35) Kirk Braddan, December 10th. 

Sycamore. Near Braddan Church, a tree was found with a 
cavity containing larvae. It stood on a bank behind the Hotel at 
a distance of 20 yards. Two apertures were present about 4 feet 
from the ground and about 5 inches in diameter. 

(36) Kirk Michael, December 7th. 

Spanish Chestnut. The breeding-place found here was in a tree 
situated in a held to the right of the road leading to a farm 
(Mr. Mylchreest), and distant 12 yards from the cowsheds and 
80 yards from the White House. The aperture was at a height of 

7 feet and was remarkably small, about 1 inch. By means of the 
siphon, however, a great rush of red water was obtained from a 
large cavity, with larvae in numbers. 

(37) PEEL, December 8th. 

Spanish Chestnut . The nearest point at which A. plumbeus was 
found was the estate of Ballamore. The tree was situated beside 
the main road. The aperture was 9 feet from the ground and 

8 inches in diameter, depth 6 inches. 
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(38) Ramsey, November 23rd. 

On the estate of Miltown, outside Ramsey, two breeding-places 
were found, 

(a) Sycamore , situated 15 yards to left side of Ramsey Road. 
Aperture at 10 feet from ground 6 by 7 inches, depth 2 feet, the 
water surface being about 1 foot from lip of aperture; numerous 
larvae 

( b ) Sycamore . In close proximity to the foregoing, aperture at 
8 feet from ground, 12 inches in diameter, a very large cavity full 
of a pulpy mass of debris, with a layer of water on the top. 

(39) St. John’s, December 8th. 

At a house on the St. John-Knockaloe Road, just beyond 
Ballamore estate on the left of the road, two breeding-places in 
sycamores were found. 

(a) Sycamore. This was situated 20 yards from cowsheds and 
30 yards from house; aperture at 4 feet from ground, 9 by 4 inches, 
depth 9 inches; trunk above hole also hollow for more than 18 inches 
up; numerous larvae, over twenty in the first scoopful of water taken 
out. 

(b) Sycamore . Standing immediately beside a latrine, 15 yards 
from the house. There was a large cavity with two apertures, each 
about 5 to 6 inches in diameter (Photo. No. 9). 

Culex pipiens, L. 

Hibernating females were found in the following places: — 
Douglas, in 1 stable, 1 fowl-house, 1 cellar, 1 loft, 2 shelters, 

1 latrine; Glen Garwick Road, 1 stable, 1 loft; Groudle Glen, 

1 outhouse, 2 latrines, 2 cellars, 1 loft, 2 sheds; Port St. Mary, 

1 shed; Ramsey, 3 cowsheds, 2 stables, 3 piggeries, 1 loft, 1 shed. 

Theobaldta annulata , Schr. 

Hibernating females were found: —Groudel Glen, 1 cellar, 1 loft, 

1 latrine, 1 open shelter; Kirkmichael, 1 cowshed. 

Pupae. Douglas, Nunnery Mill Cottage, in wooden tub (see 
photo. 11). Ramsey, in association with larvae of A . bifurcatus 
(Appendix, No. 15).. 
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Larvae. Ballaugh, under £-inch ice in peat bog and pond in 
field; Castletown, ditch; Glen Garwick, concrete artificial pond; 
St. John’s, manure pit; Port Erin, marshy field; Ramsey, see above, 
under pupae. 


Culicella morsilans t Theo. 

Larvae. Ballaugh, under J-inch ice in pond in field and peat 
bog, in association with T . annulata and C. fumipennis larvae; 
Douglas, marshy field; Glen Garwick Road, marshy field; Glen 
Sulby, marsh. 


Culicella fumipennis , Steph. 
Larvae. Ballaugh, as above, under C. morsitans. 


REFERENCES 


Blacklock, B., and Carter, H. F. (1920). Observations on Anopheles ( Coelodtazesis ]) 

plumbeus , Stephens, with special reference to its breeding-places, occurrence in the 
Liverpool district and possible connection with the spread of malaria. Ann. Trop. 
Med. and Parasite Vol. XIII, pp. 421-452. 

Blacklock, B., and Caster, H. F. (1920). On the results "obtained from surveys for 
breeding-places of tree-hole mosauitoes in Liverpool and neighbourhood. Ibid., Vol. 
XIV, pp. 115-126 



9i 


NOTES ON SOME UNUSUAL BREEDING- 
PLACES OF STEGOMTIA FASCIATA , 
Fabr., IN AUSTRALIA 

BY 

G. F. HILL, F.E.S. 

From the Australian Institute of Tropical Medicine , 
Townsville , Queensland 

(Received for publication i March , 1921) 

Plate XV 

Although generally regarded as a domestic species, there are 
several records of S. fasciata breeding in rot-holes in trees and in 
water-retaining plants; this habit, however, appears to have escaped 
notice hitherto in Australia. 

On 20th January, numerous larvae and pupae of this species and 
of Ochlerotatus notoscriptus y Skuse, were collected from a tin 
containing about 5 inches of water and a quantity of decaying 
leaves, which was found in the dense scrub 600 yards distant from 
the nearest of several seaside dwellings on Magnetic Island. Several 
adult Stegomyia which were captured at the same time (1 p.m.) 
while attempting to bite, and others which were bred from the 
larvae and pupae, were noticed to be distinctly darker and smaller 
than the forms found throughout the year in the Institute buildings. 
In order to determine the permanency of this dark form, a number 
of these males and females were bred from for five generations under 
the usual laboratory conditions, and concurrently with an equal 
number of generations from individuals of the lighter coloured form 
commonly found in dwellings. From both series males and females 
of each generation were secured for comparison, the experiment 
being terminated, in the case of the dark form, with the sixth 
generation, which comprised males only. An examination of the 
material thus obtained showed that the light form bred true, 
t.e ., the individuals of each generation did not differ from their 
progenators, whilst the dark form produced, in each generation 
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after the fust, a proportion of individuals of both forms, as well as 
intermediate forms. In both series some variation was noticed in 
the shape and width of the outer lyre-shaped thoracic ornamentation 
and in the length and width of the median thoracic stripes, but in 
none were the latter entirely absent, a character recorded by Taylor 

The island referred to above lies in Cleveland Bay, about four 
miles distant from Townsville, and was formerly utilised as a site 
for the port Quarantine Station. 

On 5th May, a considerable number of mosquito larvae were 
siphoned from a rot-hole in a poinciana tree (Plate XV), growing in 
the Hospital grounds and distant about 70 yards from the nearest 
dwelling. In addition to Macleava iremula, Theobald, and 
Ochlerotatus quasirubrithorax, Theobald,* this_collection produced 
a large number of Stegomyia fasciata, similar in size and coloura¬ 
tion to the Magnetic Island form. On 7th September, another 
batch of larvae and pupae were collected from this hole, and from 
them about one hundred adults were bred. In this case the males 
were of about the average size, but quite as dark as any I have 
seen, whilst the females were of the light form and unusually large. 


REFERENCE 

Taylor, F. H. (1914). Proctedtngs of the Linnean Society of New South Wales . Vol. 
XXXIX, p. 455 * 


* Identified by Mr. F. W< Edward*, m a variety of this species. 
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MUSCA DOMESTICA, Linn., AS A 
‘BUSH FLY’ IN AUSTRALIA 

BY 

G. F. HILL, F.E.S. 

From the Australian Institute of Tropical Medicine , 
Townsville , Queensland 

{Received for publication I March , 1921) 

In the literature dealing with the etiology of M. domestica , 
I can find no record of this species in the r 61 e of a ' bush fly/ *.<?., a 
fly which lives and breeds normally beyond the range of human 
habitations, although I understand that Major E. E. Austen is of 
opinion that this species originated in the tropics and has thence 
spread to temperate climates, where it is only able to maintain itself 
by the fact that it has taken to living in houses. 

In two widely separated localities in North Australia, evidence 
has been gathered which strongly suggests in one case, and 
proves conclusively in the other, that this ubiquitous species is 
not dependent upon human habitations and environments for its 
existence. 

During the period 1913-1917, specimens were frequently 
captured in the Darwin District (Northern Territory) on stock and 
carcasses at distances up to a couple of miles from dwellings, but 
for some time it was considered probable that these flies were bred 
under the usual conditions; later, however, examples were captured 
in company with Musca ventrosa, Wied. (M. nigrithorax , Stein.), 
and M . humilis , Wied. (M. vetustissima, Walk.) on the carcasses 
of freshly skinned buffaloes which had been shot in scrub country 
from three to six miles distant from the nearest habitation—a cattle 
station sixteen miles distant from the next nearest dwelling and 
about thirty miles from Darwin. During the summer months, 
M . domestica were very numerous at the station, especially in the 
kitchen and adjacent living room, but they were not seen on men 
or horses after leaving the homestead for the haunts of the buffaloes. 

In April, 1919, an officer of the Stock Department, Townsville 
(N. Q,), brought in for identification a large number of flies which 
had been captured in the vicinity of a slaughter-yard and upon 
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stock grazing in the locality, in some cases more than a mile from 
the nearest dwelling. This and later collections invariably included 
a large proportion of M. domestica. 

During the months of April to October, flies of the same species 
were frequently captured upon grazing horses and cattle, and upon 
my face, hands and clothing in the Town Common at distances up 
to two and a half miles from habitations. On these occasions they 
were generally associated with M . lusoria , Wied. 1 (M. australis, 
Macq., 2 M. fergusoni , J. & B. 3 ), and M. nebulo , F. 4 , ( M . hilli , 
J. & B. 6 ), the last named being less aggressive than the others. 
From October to about the end of March, M . humilis , Wied. G 
(M . vetustissima , Walk.) is the predominant species, and is 
certainly the most widely distributed Musca found in Australia, 
being as plentiful in the outer suburbs of Melbourne (Victoria) as it 
is in Central Australia, N. Territory, and the N.W. and Kimberley 
Divisions of W. Australia. 

In the bush or open grazing country near Townsville, 

M. domestica oviposits on fresh horse-droppings, but they will also 

oviposit and rear their progeny on decaying vegetable matter, as 
shown by the fact that upon two occasions I have bred adults from 
full-grown larvae taken in nests of the Black-throated Grebe 
(Podicipes novae-hollandiae ), which had become stranded upon the 
margin of a swamp, and in which the eggs had not yet hatched. 
The same nests and, also, small accumulations of drift, i.e ., leaves, 
horse- and cow-droppings, etc., blown up upon the margins of 
swamp, served as breeding-places for Stomoxys calcitrans and 
Sarcophaga sp. • 

Major E. E. Austen, who kindly examined the specimens of 
Af. domestica from bush localities in N. Territory and 

N. Q., determined the latter as a variety of the typical form. 
Evidently the distincion is a very fine one, since recently I have 
examined a much longer series than was available to that worker, 
and I have compared them and their larvae with typical forms (from 
town dwellings) and their progeny, without being able to detect 
any variations peculiar to one series. 

( 0 > (4)7 (6) Identified by Professor M. Bkcxi. 

uj Identified by Major E. E. Austen. 

M Johnston, T. H. and Bancroft, M. J. Proc, Roy . Soc. Queensland . Vol. XXXI, No. 12. 

(5) Johnston, T. H. and Bancroft, M. J. Mem . Queensland Museum. Vol. VII, pt. 1. 

I 9 2 °* 
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NEW TSETSE-FLIES (< GLOSSINA) FROM 
THE BELGIAN CONGO 


BY 

Professor R. NEWSTEAD, F.R.S. 

AND 

Miss ALWEN M. EVANS, M.Sc. 

(.Received for publication 14 March , 1921) 

We have just received from our esteemed colleague, Dr. J. Schwetz, 
a small collection of tsetse-flies, captured by him in the Belgian Congo. 
Included in this collection are eleven examples (6 Sd, 5 ??) of a new and 
hitherto undescribed species, all of them taken in the region of the River 
Kwango, on the frontier of the Portuguese territory. In his letter, 
dated 20.xii.20, Dr. Schwetz says that he had just visited this region 
for the first time, and that in returning down the River Kwango by boat 
he came to a region abounding in this species and Gl. palpalis, R.D. 

This new species belongs to the 1 Fusca Group' 1 of tsetse-flies, and is 
described below as Glossina schwetzi, sp. n., in honour of its discoverer, 
who has devoted long years of research into the bionomics of this important 
group of insects, and their relation to human trypanosomiasis. 

In a former communication in these Annals 2 attention was called to a 
variety or race of Glossina fusca , Walker, from the Belgian Congo, in 
which the female armature exhibits a marked deviation from the form 
of signum found in typical examples from the Gold Coast. The male 
genital armature of the Congo examples also differ in the form of the 
harpes from those found elsewhere. 

We are convinced, therefore, that we have to deal with a well-marked 
race of Glossina fusca : this we have given varietal rank under the name 
congolensis , var. n. 


GLOSSINA SCHWETZ I, #p. nov. 

Hairs of the third antennal segment about one-sixth to one-seventh the 
width of the segment Wings of the female with the thickened portion of 
the anterior transverse vein darker in colour than the rest . Harpes of the 
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male divided into three processes , the proximal process short and spine-like. 
Female with signum of the uterus consisting of a single chitinous plate , the 
long axis transverse and widest in the distal third. 

Male : Length, 10-11*9 » proboscis, 2*3-2*8 mm.; width of head, 

3*2-3*3 mm.; front at vertex, 0*6-07 mm.; wing, 12 - 12*4 mm. 



Fig. i. Male armature of Glossina schwetzi y sp. n. 

s.c,, superior dasper j i.r., inferior dasper j m.p. % median processj m.p.i., inferior median process j 

v., vesica} b harpes. 


Female : Length, 12*5 mm. ; proboscis, 3*1 mm.; width of head, 
3*5-3’6 mm.; front at vertex, 075-0*8 mm.; wing, I3*2-I3*6 mm. 

Male : Head with the posterior surface 1 mouse grey' (Austen) 8 , 
antennal cavity pearl-grey, sometimes with a pale vinous tinge; ocellar 
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spot and frontal stripe unicolorous pale brown ; antennae with the distal 
two-thirds of the third segment infuscated, the rest pale buff; outstanding 
hairs on third segment, short, about one-sixth to one-seventh the width 
of the segment Proboscis bulb pale translucent buff-yellow, the upper 
lateral margins brownish or orange-brown, ventral median suture proxi- 
maliy, dusky to orange-brown. Thorax with the usual distinctive colour 
and markings ; sterno-pleurae more or less infuscated; scutellar bristles 
long. Abdomen: Dorsum of first and second segments light brown ; 
the remaining segments, together with the lateral margins, dark brown 
Austen®), the distal angles either unicolorous with the 
■ slightly paler. Legs : Light or dusky ochraceous- 

bu^^^^^with the femora infuscated on the upper half of the inner 
surface, tips of the last two segments dark brown or black; leg II with 
the tips of the last two segments generally more strongly marked than in I; 



brown or, black* pw , 


ADDENDUM 


\ nl \\ }> <)(> 

i \|)lan itmn <>t 1 k, 
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i ‘2 Wntid new of tlu. armatuu of 
II up('s of Glossina tabanifornns in piohk 
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plate of the form shown ill the figure, the greatest width being 0-38 mm. 
Laterally, it bears a pair of black curved thickenings (a.th), and sometimes 
a second pair (p.lh) lies behind the anterior pair. That portion of the 
plate posterior to the level of the thickenings is much more heavily chiti- 
nised than the anterior portion, in which a large transparent space occurs 
medianly. The upturned anterior processes {a.p) which are a marked 
feature of the signum tend to slight variation, and are much smaller in one 
individual than those shown in the illustration. 

Belgian Congo: River Kwango, Kasongo Lunda, 24.X.1920, 2 $?; 
River Kwango, near Cuango, 24.x. 1920,4 9? (' Le soir par terre ’) 25.x. 1920 
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male divided into three processes , the proximal process short and spine-like. 
Female with signum of the uterus consisting of a single chitinous plate, the 
long axis transverse and widest in the distal third. 

Male : Length, 10-11*9 mm.; proboscis, 2*3-2*8 mm.; width of head, 
3 * 2 - 3*3 mm.; front at vertex, 0*6-07 mm.; wing, I*-I 2*4 mm - 



Fig. 1. Male armature of Glossina schwetzi , sp. n. 

s.c., superior claaper 5 },<*., inferior clamper j m.p., median process; m.p.i., inferior median process; 

v., vesica j harpes. 


Female : Length, 12-5 mm.; proboscis, 3-1 mm.; width of head, 
3-5-3-6 mm.; front at vertex, 075-0-8 mm.; wing, 13-2-13-6 mm. 

Male : Head with the posterior surface ' mouse grey ’ (Austen) 8 , 
antennal, cavity pearl-grey, sometimes with a pale vinous tinge; ocellar 
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spot and frontal stripe unicolorous pale brown ; antennae with the distal 
two-thirds of the third segment infuscated, the rest pale buff; outstanding 
hairs on third segment, short, about one-sixth to one-seventh the width 
of the segment. Proboscis bulb pale translucent buff-yellow, the upper 
lateral margins brownish or orange-brown, ventral median suture proxi- 
mally, dusky to orange-brown. Thorax with the usual distinctive colour 
and markings; stemo-pleurae more or less infuscated; scutellar bristles 
long. Abdomen: Dorsum of first and second segments light brown; 
the r emain in g segments, together with the lateral margins, dark brown 
(' mummy-brown,’ Austen 8 ), the distal angles either unicolorous with the 
rest of the abdomen or slightly paler. Legs : Light or dusky ochraceous- 
buff; leg I with the femora infuscated on the upper half of the inner 
surface, tips of the last two segments dark brown or black; leg II with 
the tips of the last two segments generally more strongly marked than in I; 
leg III with the last two segments entirely dark brown or black, paler 
beneath, proximally. Wings with the thickened portion of the anterior 
transverse vein scarcely darker in colour than the rest. Genital armature : 
(fig i) Harpes (h) with three bi-lateral processes ; the proximal process 
short and distinctly spine-like ; second and third pairs long, slender, and 
only very slightly widened proximally; median process scarcely 
projecting beyond the inferior claspers (ic) ; the inferior median 
process (mpi) narrowly elongated and projecting backwards considerably 
beyond the inferior claspers. Superior claspers (s.c.) bluntly bifid. 

Female : Colour and pattern similar to that of the male; but the distal 
segment of the abdomen usually paler, and the thickened portion of the 
anterior transverse vein of the wing darker in colour than the rest. Genital 
armature: (fig. 2) External armature possessing no distinctive characters. 
Signum of the uterus consisting of a single symmetrical chitinous 
plate of the form shown ill the figure, the greatest width being 0-38 mm. 
Laterally, it bears a pair of black curved thickenings (a.th), and sometimes 
a second pair (p.th) lies behind the anterior pair. That portion of the 
plate posterior to the level of the thickenings is much more heavily chiti- 
nised than the anterior portion, in which a large transparent space occurs 
medianly. The upturned anterior processes (a.p) which are a marked 
feature of the signum tend to slight variation, and are much smaller in one 
individual than those shown in the illustration. 

Belgian Congo: River Kwango, Kasongo Lunda, 24.x. 1920, 2 $?; 
River Kwango, near Cuango, 24.x. 1920,4 9? (' Le soir par terre ’) 25.x. 1920 
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3 $ 9 ; River Kwango, near Kundi, i.xi.1920, 2 <f <J (‘ Le soir sur chemin') 
Dr. J. Schwetz. 

In its general external fades the male of this species bears a striking 
resemblance to that of Gt. tabaniformis, West ,* the female, on the other 



Fig. 2. Glossina schtoetzt, sp. n. 9. Signum x c 155. . 

a.p.y antenor process ; a tb , anterior thickening, p.tb., posterior thickening 
(Genital fossae not shown.) 

hand, owing to the darker colour of the thickened portion of the antenor 
transverse vein, might easily pass as a specimen of Gl. brevipalpts, Newst. 
Both sexes may, however, be readily distinguished from any other members 
of the ' Fusca Group' by the strikingly characteristic genital armature. 



Fig. 3. 

Glossina scbwetzt, sp n,, A antennal fringe x c. 325 j thud segment of antenna x c. 40* 
Glossina tabantfomts, antennal fringe X c 325 , 2 >., third segment of antenna X c 40 

Furthermore, the antenna of &. schwetxi can be distinguished from 
that of Gl. tabaniformis by the shorter fringe of fine hairs on the 
anterior edge of the third segment (fig. 3). The ratio of the length of the 
longest fringe-hairs to the greatest width of the segment was determined 
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in four specimens of each of the above-named species. They are tabulated 


below : 



Gl. schwetzi sp. n. .. 

1:5-9 1:6-2 

1:7-1 I : 7-5 

GL tabaniformU 

i :37 1:4:1 

1:4-3 I : 4-3 

Comparative Table 

of the Morphological 
Male Genital Armature 

Characters of 


GL schwetzi Gl. tnbaniformis 

Harpes : Fig. i Fig. i, no. 3 

Proximal process ... A stout spine, one-fourth Slender and equal in 
length of second. length to the second. 

Second process.Slender. The same. 

Third process (distal) ... Long, slender and simple. Long and strongly bifur¬ 
cate. 

Comparative Table of the Morphological Characters of the 
Female Genital Armature 

Gl. srh'vet?' ’ GL tnbaniformis 

Signum of uterus. Fig. 2 

W ith a bilateral pair of Lyriform. No bilateral 
black curved thicken- cur\ed thickenings, 
ings. 

Long axis.'Transverse. Longitudinal. 


QLOSSINA FUSCA var. CONQOLENS1S, var. nov. 

Colour and pattern generally as in typical Gl. fusca , Walker , but the 
wings are usually more heavily infuseated. Harpes 0) male (fig. 4) with 
the proximal process reaching to the tip of the second (serrated) process . 
Bilateral portions of the signum of the uterus of the female sub-rotund . 

Male : Genital armature (fig. 4). Harpes (A) with the narrow proximal 
process reaching to the tip of the second, serrated process; the latter 
relatively narrow, and more or less suddenly truncate distally ; the third, 
a somewhat sickle-shaped appendage, with the distal arm very much 
shorter than the proximal one. 

Female : Genital armature . In the signum of the uterus (fig. 5) the 
width is greater than the length; the bilaterally symmetrical plates forming 
the main portion of the signum sub-rotund, and separated medially by 
only a very shallow depression. 



Fig. 4. (i) and (a) Male armature of Glossina fust a var. congolensis , var. n. 

(3) Harpes of Glossina fuse a. 

s.c.j superior claiper; uc, t inferior daiper j v., vesica j b., harpes ; 1 0., intromittent organ; 
b.h) sickle-shaped process of harpes. 

the Katompe, and in the Lomami-Kisengwa districts of the Belgian 
Congo by Dr. J. Schwetz. 




Fig. 5. Glossinafusca var. coitgoknsis, var. n. $. Signum x c. 155. 
p. f anterior plate ; <r., crescentic thickening j p. } petaloid area. (Genital fossae not shown.) 
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Comparative Table of the Morphological Characters of the 
Male G^ital Armature 


Harpes: 

Proximal process 


Serrated process 


Distal process ... 


G.fusca 
Fig. 4, no. 3 

... Reaching to the middle 
distance of the serrated 
process. 

... Distally broadly lanceo¬ 
late ; shaft relatively 
broad. 


G.fusca var. congolensis 
Fig. 4, no. i, 2 

Reaching to the tip of 
the serrated process. 

Distally suddenly trun¬ 
cate; shaft relatively 
narrow. 


... Distal arm of sickle- Distal arm less than half 
shaped process as long the length of the 
as the proximal one. proximal one. 


Comparative Table of tiie Morphological Characters of ihe 
Female Genital Armature 


Signum . 

Halves of main portion 


Chitinisation 


Anterior plate (< ./>.) 
Greatest width ... 


Gl. fused 
Fig. 6 

... Sub-conical. Very mark¬ 
edly convex, sepa¬ 
rated anteriorly by 
deep V-shaped depres¬ 
sion extending to nearly 
one-third of their 
depth. 

... Generally complete, the 
colour varying from 
deep ochraceous to 
black. 

... Absent. 

... Average 0*56. 

Extremes o*6o, 0-46. 


Gl.fusca var. congolensis 

Fig- 5 

Sub-rotund. Slightly 
convex, separated an- 
' teriorly by very shal¬ 
low depression. 


Generally incomplete, 
ochraceous petaioid 
area (p.) often sur¬ 
rounded by consider¬ 
able almost colourless 
area. 

Generally present. 

Average 0*42. 

Extremes 0*44, 0*40 


REFERENCES 
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ON A COLLECTION OF PAPPATACI 
FLIES ( PHLEBOTOMUS ) FROM INDIA 


BY 

Professor R. NEWSTEAD, F.R.S., 

AND 

Major J. A. SINTON, V.C., I.M.S. 

[Received for publication 14 March, 1921) 

The collection of insects which form the subject of this communication 
was made by one of us (J. A. Sin ton) in the North-west Province of India, 
with the exception of the single capture of a specimen of Phlebotomus 
major, Annandale, at Simla. It embraces the records of a very large 
number of individuals (664) representing three species and one variety, 
and, as the pappataci flies of the region in question have not hitherto 
been investigated, it seemed desirable that a complete list of the captures 
should be recorded, the subject being a cognate one to that of pappataci 
fever. 

The occurrence of Phlebotomus sergenti, Parrot, is of much interest, 
the species being a new addition to the fauna of India. 

In the examination of the long series of examples of Phlebotomus 
minutus, Rond., it was found to be impossible to draw any hard and 
fast lines for the separation of this species from P. antennatus , Newst., 1 
since wc found so many intermediate forms ranging between typical 
examples of each. It may be recalled that the erection of P. antennatus 
was based chiefly upon the remarkably short antennal segments, and the 
relatively shorter legs; the male genital armature on the other hand 
being absolutely identical with that of typical P. minutus. It seems, 
therefore, that the difference •> in the antennal segments can no longer 
be considered as of specific importance ; P. antennatus has therefore been 
placed as a variety of P. minutus. 

We tender out thanks to Miss Alwen M. Evans, M.Sc., for her assistance 
in the preparation and determination of the material. 
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Phlcbolomus papaiasii, (Scop). 

In the males twelve examples were found to possess an additional 
spine on the inferior clasper of the genetalia; in some instances the 
spine was bilateral, in other cases unilateral. One example also possessed 
a supernumerary spine on the left superior •clasper. 

India: North-west Frontier Province. Dera Ismail Khan, 
2 33 , 6 99, bedroom, bungalow, September and October, 1919 ; 6 33 , 
7 99, ditto, 14.iv.1920 to 14.V.1920; 40 33 , 52 99, cowshed, 8 .iii.i 920 
to 31.iii.1920 ; 35 33 , 74 99, ditto, i.iv.1920 to 14.iv.1920; 3, 33 , 10 99, 
ditto, 15.iv.1920 to 15.V.1920 ; 1 3 , tents near I.M.S. bungalow, 16.iii.1920 ; 
4 33 , 11 99, ditto, 12.iv.1920 to 15.V. 1920. Tank, 1 3,5 99 , inside tents 
with floors sunk 3 feet, 29.viii.1919, i.ix.1919, 16.ix.1919 ; 2 99, ditto, 
6.iv.i920. Bannu, 4 33 , 1 9. bedroom, bungalow, 11.viii.1919 to 
12.viii.1919. Idak, Tochi Valley, i 9, mud barracks, 26.viii.1919. 
Saggu, near Dera Ismail Khan, 19, stable, 14.iii.1920. Jatta Post, 
1 9, mud barracks, 7.^.1920. Murtaza, i <J, 4 99, mud barracks, 
i.ix.1919 ; 1 3 , 6 99, ditto, 74V.1920. Hathala, i 3 , 1 9, mud barracks, 
29.viii.1919 ; 1 9, ditto, 6.iv.i920. 


Phlebotomus tninutus, Rondani. 

The specimens showed a marked variation in colour; every form 
intervening between the pale typical examples and distinctly dark or 
melanic forms were observed. The left superior clasper in one male 
possessed a supernumerary spine. The wings of this species also showed 
a marked tendency to variation, both as regards size and contour, and also 
in the relative length of the anterior forked vein. 

India : North-west Frontier Province. Dera Ismail Khan, 
118 33 , 34 99 , bedroom, bungalow, September and October, 1919; 
6 33 , 2 99 , ditto, 14.iv.1920 to 14.V.1920 ; 3 33 , 7 9 ?, cowshed, 8 .iii.i 920 
to 31.iii.1920; 15 33, 8 9?, ditto, i.iv.1920 to 14.iv.1920 ; 1 3, 3 99, 
tents near I.M.S. bungalow, 16.iii.1920; 36 33, 13 99 , ditto, 12.iv.1920 
to 15.V.1920. Tank, 3 33,6 99 , tents with floors sunk 3 feet, 29.viii.1919, 
i.ix.1919, 16.ix.1919. Bannu, 37 33, 37 99 , bedroom, bungalow, 
11.viii.1919 to 12.viii.1919. Idak, Tochi Valley, 2 33, mud barracks, 
26.viii.1919. Khirgi, 2 99 , tents, 30.viii.1919. Hathala, 3 99 , mud 
barracks, 29.viii.1919. 
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Phlebotomus minutus var. antennatus, Newst. 

Phlebotomus antennatus , Newst. Bull. Ent. Res,, VoL III, p. 365. 

The variation in colour from light to dark or melanic forms was similar 
to that found in P. minutus, but none possessed the intense lapis-lazuli 
colour found in the West African forms. 6 

India: North-west Frontier Province. Dera Ismail Khan, 
11 <?<?, 3 99 , bedroom, bungalow, September and October, 1919; 2 <$<$> 
ditto, 14.iv.1920 to 14.V.1920 ; 2 cJ <J, 1 9 , cowshed, 8 .iii.i 920 to 31.iii.1920 ; 
1 <?, 2 99 , ditto, i.iv.1920 to 14.iv.1920; 1 a, 2 99 , tents near I.M.S. 
bungalow, 12.iv.1920 to 15.v. 1920, Tank, 3 99 , tents with floors sunk 
3 feet, 29.viii.1919, i.ix.1919, 16.ix.1919. Bannu, 2 0^,7 99, bedroom, 
bungalow, n.viii.1919, 12.viii.1919. 

Phlebotomus sergenii, Parrot. 

Parrot 2 first described this species from Algeria ; subsequently it was 
found by Marzinovsky * at Tiflis, by Sinton in Persia, and by Buxton 1 in 
Mesopotamia. Hitherto it does not seem to have been recorded from 
India. 

India: North-west Frontier Province. Dera Ismail Khan, 
1 c?, cowshed, 8.iii.i920 to 31.iii.1920 ; 1 J, tents near I.M.S. bungalow, 
12.iv.1920 to 15.V.1920; 3 36 , 1 9 , stable, Tank Road, 7 miles from 
Dera Ismail Kiian, 6.iv.i92o. Murtaza, i mud barracks, i.ix.1919. 

Phlebotomus major , Annandale. Records Indian Mus., Vol. V, p. 46 
(1910). 

India : Simla, i 9 , 30.v. 1920. 

Colour and general facies resembling those of the female in P. papatasii , 
but the wings are relatively longer and narrower. Position of abdominal 
hairs doubtful owing to the rubbed condition of the dorsal surface, 
but the hairs on the venter more or less erect. Palpi with the 2nd, 3rd, 
and 4th segments sub-equal in length ; the 5th twice the length of the 3rd. 

Total length of head and body, 3*5 mm.; length of wing, 3*3 ; greatest 
width, 1*05 mm.; length of leg ii, .4-8 mm.; femur more than half the 
length of the tibia, the latter equal in length to the first three proximal 
segments of the tarsus. 

This, as may be gathered from the above details, is an exceptionally 
large species, and in its general facies and certain structural characters 
agrees with Annandale's description of his P. major {l.c.). There are some 



important discrepancies however : i.e., in the arrangement of the abdomi¬ 
nal hairs, and the length of the body as compared with that of the legs. 

We feel, however, that these may be considered as possible mutations 
within the range of variation of the species, and have therefore placed 
it here. 
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NOTES ON ORIENTAL SORE IN RUSSIAN 
TURKESTAN AND THE RESULTS OF 
TREATMENT WITH INJECTIONS OF 
TARTAR EMETIC SOLUTION 

BY 

J. A. SINTON, M.D., Major, I.M.S. 


(Received for 'publication 27 April , 1921) 


The cases reported below seemed worthy of record on account 
of the rapidity with which they reacted to treatment with intravenous 
injections of solutions of tartar emetic, a treatment which does not 
seem to have been tried previously in Turkestan. 

This disease is very widely spread in Russian Turkestan, and 
is said to be found in all the towns on the Trans-Caspian Railway 
from Askhabad to Tashkent. Yakimoff and Schockov (1915) 
described it at Askhabad, Boukhara, Samarkand and Term£ze, and 
in the latter place it seemed especially prevalent. 

Locally it is said that practically every person residing in 
Turkestan for five years has the marks of at least one of these sores. 
At Tfedjen station, on casual inspection, about 50 per cent, of the 
people seemed to have marks of old sores on their faces, but the 
authors quoted above state that only 58*2 per cent, of the sores 
examined by them were leishmaniasis. The same authors report 
two cases of cutaneous leishmaniasis in dogs in Turkestan. 

In all the six cases noted below Leishmania tropica were found. 
The treatment used was intravenous injections of* 2 per cent, 
solution of antimonium tartaratum (tartar emetic) in normal saline 
solution; the sores received no special local treatment. Except for 
a little vomiting immediately after the injection, in two cases, no 
constitutional effects were caused by the injections. 



io8 


NOTES ON THE CASES 

Case I. Russian Nursing Sister at Kaakha, Turkestan. 

History . Resident in Turkestan for some years. Duration of sores about 
three months. 

Condition . (a) A small raised nodular sore }-inch in diameter at the angle 
of the left jaw, with slight ulceration in the centre. ( b ) Three similar sores on 
the left forearm. 

Treatment 5.10.18. Intravenous injection of 3 c.c. T.E, solution. 

7.10.18. Injection of 4 c.c. T.E. solution. 

Result On account of military operations the case was not seen again until 
14.11.18, at which time all the sores were healed and the patient reported that 
they had all healed within three weeks after the injections. 

Case 2. Sepoy A.S. 

History . Patient has been in Turkestan about three months. Duration of 
lesion uncertain. 

Condition. Sore about J-inch diameter on right hand. Warty and ulcerated. 

5 Treatment . 19.1.19. Intravenous injection of 2 c.c. of T.E. solution. 

22.1.19. Injection of 3 c.c. of T.E. solution. 

Result Completely healed by 27.1.19. 

Case 3. Sepoy M.K. 

History . Had a small abrasion on the back of the left hand about 1.10.18, 
at Meshed, N. Persia, which gradually got bigger. He arrived in Turkestan 
on 10.10.18. 

Condition. On 7.1.19, at Bairam Ali, Turkestan. A large sore about i£ inches 
in diameter on back of left hand with inflamed margins and a warty base. No 
enlarged glands or thickening of the lymphatic vessels. 

Treatment. 14.1.19. Injection of 2 c.c. of T.E. solution. 

16.1.19. „ „ 3 c.c. „ „ 

19*1*19* »> » 4 *-*c. » » 

22.1.19. „ „ 5 c.c. „ „ 

Result The warty growth gradually shrivelled and the ulceration 
disappeared. Completely healed on 28.1.19. 

Case 4. Sepoy S.S. 

History . Got an abrasion of the left hand at Dushak, Turkestan, on 14.10.18, 
which gradually increased in size. Duration three months. 

Condition, (a) A large circular lesion about 2\ inches in diameter on back 
of left hand with infiltrated edges and a warty base with slight ulceration in the 
centre, (b) A few small non-ulcerated nodules in the adjacent skin. 

Treatment. 14.1.19. Injection of 2 c.c. of T.E. solution. 

16.1.19* 99 99 3 c,c * 99 99 

19.1.19. „ ,,..4 c.c. „ „ 

21 .I.I 9 * 9 ) 99 5 C *^* 99 99 

Result. After the second injection, a firm nodule the size of a pea was 
discovered in a lymphatic vessel about z\ inches below the elbow at the back of 
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the left forearm, and a soft swelling about 2 inches by 1 inch on the inner side of 
the same forearm. This swelling was on the opposite side to that on which the 
injections had been given. Marked improvement was noted at the time of the 
third injection, the sore being dry in the centre and the warty growth shrivelling. 
The sore was completely healed on 29.1.19. 

Case 5. Sepoy C.D. 

History . Said to be of two weeks’ duration. No history of wound or abrasion. 
Patient has been several months in Turkestan. 

Condition . At the beginning of January, 1919. 

(a) A circular lesion with thickened edges and a warty base about I inch in 

diameter on front of left wrist. 

(b) Two small nodules in the lymphatic vessels about two inches above 

the sore. 

Treatment. 14.I.19. Injection of 2 c.c. of T.E. solution. 

16.1.19. >9 ,, 3 c.c. „ ,, 

19.1.19* J> 4 C»C. yy yy 

22 .1.19. yy yy 5 C * C - » 

Result. The warty growth rapidly shrivelled and the nodules disappeared 
from the lymphatics. Completely healed'on 27.1.19. 

Case 6. Sepoy N.S. 

History. He has been in Turkestan four months. He states that the lesions 
began with great itching and appeared more or less simultaneously. Duration 
about one month. 

Condition. On 1.1.19. 

(a) On the front of the left wrist was an oval sore about 1 inch by | inch, 

with thickened edges and a warty centre, but no ulceration. 

( b ) On the front of the right forearm : 

(1) A circular lesion, 1 inch in diameter, with heaped-up and 

thickened edges, having an ulcer J-inch in diameter in the 
middle with a granulating base. 

(2) A small sore J-inch in diameter, with a thickened raised edge 

and a minute ulcer in the centre like a boil. 

(3) There were two small nodules in the lymphatic vessels about 

two inches below these sores, and there were no enlarged glands. 

Treatment. 16.1.19. Injection of 1 c.c. of T.E. solution. 

I 9 - 1 - 1 * „ » 3 c.c. „ „ 

22.1.19. „ „ 3 c.c. „ 

Result . At the time of the first injection some of the sclution passed under 
the skin because the patient suddenly moved his arm. At i\ e time of the second 
injection there was marked thickening and some inflammation at the site of the 
previous injection. Improvement was noticed in the sores on 22.1.19, and this 
was marked on 25.1.19. There was still some infiltration of the area around the 

E oint of first injection on 25.1,19, but there was no suppuration. Completely 
ealed on 30.1.19. 
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These cases may be summarised as follows:— 

Tabu I. 


Cate 

No. 

Duration 

before 

treatment 

Amount 
of T.E. 
injected 

'Number 

of 

injections 

Duration of 
treatment 
in days 

Number of 
days till 
cured. 

1 

3 months 

cgms. 

*4 

* 

3 

f ax 

a 

? 

10 

2 

4 

8 

3 

34 months 

28 

4 

9 

*4 

4 

3 months 

28 

4 

9 

>5 

5 

4 month 

28 

4 

9 

13 

6 

1 month 

H 

3 

7 

14 

Average 

2*2 months 

zo -33 

3 -i * 

6-8' 

Hi 


An analysis of the clinical signs in these six cases shows that 
Cases 2, 3, 4, 5 and 6 correspond to the ‘ cutaneous hypertrophic 
non-ulcerating papillomatous * type of da Matta’s classification 
(1916) of the leishmaniases, but in this type in these Turkestan cases 
it was found that after a certain time these warty growths tend to 
ulcerate in the centre. As they bleed very easily, this ulceration 
seems most probably due to injury followed by a secondary infection. 

In Cases 1 and 6 the typical ‘ Oriental Sore ’ of the text-book 
was found. 

In Cases 1, 4 and 6 the lesions were multiple, and in Case 6 
both the papillomatous type and the typical oriental sore were found. 
Yakimoff and Schockov (1915) state that a single sore is commonest, 
but as many as seventeen may occur. 

In Cases 4, 5 and 6 nodules were present in the lymphatic 
vessels within u few inches of the sores, those in Case 6 being 
remarkable in that they were distal to the lesions. 

The attached table gives a comparison between the results of 
treatment with intravenous injections of tartar emetic solution only, 
in the cases reported by myself (1917), in those reported by Greig 
(1917) in the same year, and in the present cases. 
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Table II. 



Sinton, 1917 

Greig, 1917 

Sinton, 1919 

Where contracted. 

N.W. Frontier, 
India and 
Mesopotamia 

Mesopotamia 

Russian Turkestan 

Number of cases treated. 

6 

18 

6 

Average duration of the disease 




before treatment . 

2 months 

2*6 months 

2*2 months 

Duration of the treatment in 
days:— 




Average . 

20 

... 

6-8 

Maximum. 

37 


9 

r» 

Minimum. 

8 


3 

Number of days from commence¬ 
ment of treatment till cured :— 




Average . 

28-3 

28-2* 

1 

Maximum. 

5 1 

5 2# 

21 (?) 

Minimum. 

12 

i6 # 

8 

Amount of T.E. given 
intravenously:— 




Average . 

38-2 cgms. 

71*5 cgms. 

20-33 cgms. 

Maximum. 

89 cgms. 

150 cgms. 

28 cgms. 

Minimum. 

12 cgms. 

20 cgms. 

10 cgms. 

Number of injections given :— 




Average 

53 

? 

3 

Maximum. 

9 

? 

4 

Minimum. 

3 

? 

2 

Result:— 



* 

Cured . 

6 

>7 

6 

Not cured . 

0 

1 

0 


•Non.—These figures are probably excessive, as they represent the * number of days 
under observation in hospital.’ 
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From this table it will be seen that the amount of tartar emetic 
needed to produce a cure in the Turkestan cases was only half to 
one-third of that needed in the other cases, and the rate of cure 
was almost twice as rapid. 

Although it is not possible to draw any definite conclusions from 
so few cases, yet it would seem probable that the variety of sore 
found in Turkestan is more amenable to treatment with antimony 
than the Mesopotamian type. 

I am indebted to Dr. Minkavitch, of the Russian Medical 
Service, for the following details of the treatment adopted for the 
cure of this disease by some medical practitioners in Turkestan. 
This treatment is a modification of the local native treatment. 

A piece of Emplastrum Cantharidis is cut slightly larger than 
the sore; this is placed over the sore and completely covered by a 
larger piece of adhesive plaster to hold it in position. This dressing 
is renewed daily, and the blisters which have formed are opened. 
This treatment is continued for four days, after which the sore is 
treated with some simple ointment. Some very good results are said 
to be obtained by this treatment, but the scar left is large. 


REFERENCES 

Da Matta, A. (1916). Tableau synoptique de la classification des Leishmaniose6. Bull. Soc . 
Path. Exot., Vol. IX, pp. 101-102, quoted in Trop. Dis. Bull., Vol. IX, p. 231. 

Greig, E. D. W. (1917). Summary of the results of the observations on the treatment of 
Oriental Sore by Antimonium Tartaratum. lnd. Journ . Med . Res., Vol. V, pp. 394-400. 

Sinton, J, A. (1917V The treatment of cutaneous Leishmaniasis with intravenous injections dl 
tartar emetic, lnd. Med. Gaz,, Vol. LIT, pp. 239-241. 

Yakimovt, W. L., and Schockov, N. F. (1915). Leishmaniose cutan£e (bouton d'orient) 
au Turkestan Russe. C. R. Soc . Biol., Vol. LXXVIII, pp. 107-109, quoted in Trop. 
Dis. Bull., Vol. VI, p. 225. 



A METHOD FOR THE CULTIVATION 
OF BLASTOCYSTIS 

BY 

HARVEY P. BARRET 

From the Laboratory of The Charlotte Sanatorium , 
Charlotte , N.C. 

(Received for publication 13 Aprils 1921) 

Quite a good deal of uncertainty has existed as to the true nature 
of blastocystis. Prowazek (1904) and Ucke (1907) first described 
this organism as a cyst of trichomonas. Alexeieff (1911) was the 
first to describe blastocystis as a distinct organism of a vegetable 
nature. Others have described this organism and discussed the 
possibility of its being a cyst of trichomonas or other intestinal 
parasite, or some degeneration form of these parasites. 

Bohne and Prowazek (1908), Benson (1909), Wenyon (1910), 
Prowazek (1911), Brumpt (1912), Chatton and Lalung Bonaire 
(1912), Macfie (1915), Swellengrebel (1917), Chatton (1917), have all 
given various descriptions of this organism. Wenyon (1920) gives a 
very comprehensive review and digest of the subject. Parts of his 
article arc quoted below : — 

‘ What then is the blastocystis which occurs so commonly in the 
human intestine and that of other animals? Prowazek (1911) 
maintained that they were cysts of trichomonas, but there is no 
evidence to support this view. Swellengrebel (1917) has suggested 
that they are degenerate forms of various intestinal protozoa, while 
Jepps and Dobell (1918) have noted that certain degenerate forms 
of Dientamoeba fragilis resemble dead blastocystis. I myself have, 
for want of evidence to the contrary, always regarded them as of a 
vegetable nature, and this may be the case in spite of the resemblance 
to the cysts of Prowazekella lacertae. Swellengrebers conclusion is 
that blastocystis “ is not the name of a zoological genus but of a 
peculiar form of degeneration to which representatives of different 
genera of intestinal protozoa may be liable.”' Wenyon concludes, 

1 It is evident, therefore, that there is a difference of opinion 
as to the true nature of blastocystis, and we must await further 
information.' 
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The writer has had under observation for the* past few years, a 
case of balantidial infection, whose stools are loaded with blasto- 
cystis as well as balantidia. While attempting to cultivate the 
balantidia, the blastocystis was found to multiply readily on 
the medium used. Since then numerous cultures from different 
individuals have been made. ' This work was begun in 1919, and 
the first successful culture made in September of that year. The 
universal occurrence of this organism may be noted from the articles 
by Lynch (1917) in the United States, Wenyon and O’Connor (1917) 
in Egypt, Haughwout (1918) in the Philippines, and Maplestone 
(1921) in Australia. 


METHOD 

The culture medium used in this work is.very simple, being 
made up of human blood serum and 0*5 per cent, of sodium chloride 
solution. Various concentrations of the serum in salt solution have 
been tried. The most favourable strength has been 10 per cent. 
Walker (1913) found o’5 per cent, salt solution to be the proper 
tonicity for Balantidium coli } and this concentration has been used 
m the work with blastocystis. The salt solution is sterilized in the 
autoclav and the serum added after inactivation at 55 0 C. for one 
half-hour. The pooled serum of several individuals has been used 
instead of that from a single individual, although no work has been 
done to show whether or not one serum may be inhibitory while 
another is favourable to the growth of blastocystis. The sera of 
animals other than man have not been tried. This medium* is 
faintly alkaline to litmus. The medium is distributed in narrow 
test tubes in quantity sufficient to give a column of fluid at least 
100 mm. high. 

No growth takes place at the surface of the tube, and the parasites 
multiply best at the lower portion of the tube, evidently needing 
little free oxygen for their growth. 

In making the initial inoculation, a small portion of stool or an 
emulsion of faeces in salt solution is placed at the bottom of the 
tube containing the culture medium. The culture is incubated at 
37 0 C. for twenty-four to forty-eight hours and then examined for 
blastocystis. It is best to examine early cultures every twenty-four 
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hours in order to note the degree of growth of blastocystis and to 
make transfers before bacterial contamination is too heavy. If good 
growth is obtained after twenty-four hours, a transplant is then 
made into fresh culture medium, using the sediment in the original 
tube. When the organisms have established themselves in the new 
medium, it is best to make transfers every forty-eight hours. 
Cultures seventy-two hours old, or older, will hardly ever give good 
growth in succeeding transfers. As stated above, the optimum 
growth takes place in the lower portion of the tube. In making all 
subsequent transfers the sediment from the cultures is used, and is 
introduced into the bottom of the tubes of the fresh medium. Using 
this method, the writer has carried blastocystis through more than 
twenty-five sub-cultures, covering a period of about fifty days. 
Cultures have been abandoned, usually because of pressure of 
other work or because of accident or carelessness in making 
transfers, although they often die from bacterial overgrowth. With 
proper care a culture can probably be carried on indefinitely. 
The writer has made no attempt to classify different strains of 
blastocystis though the gross appearance of organisms from 
different individuals would suggest strongly that several strains of 
blastocystis have been encountered. Nor has any attempt been 
made to trace out a developmental cycle for blastocystis. This task 
is properly left to one proficient in systematic mycology. 

In cultures, budding, as described by Alexeieff, and binary 
division are the methods of multiplication exhibited by this 
organism; both of these processes have been observed in all cultures. 
In the examination of hundreds of preparations the so-called multiple 
division form of Alexeieff, pictured by Wenyon and O’Connor (1917), 
has been encountered on only two occasions. This form would seem to 
be some freak in the development of the organism rather than a true 
developmental phase. In cultures, as in the intestinal contents, a 
great variation in the size of the organisms is observed. It may be 
said with a reasonable degree of certainty that the large vacuolated 
forms are the result of degeneration, as these forms are commonly 
found in old cultures, and successful transfers cannot be made from 
cultures made up of these forms. No flagellate forms, and no forms 
showing amoeboid or other motion have been encountered. Blasto¬ 
cystis retains its original form after twenty-five successive transfers 
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in artificial culture medium, and no forms were seen in the twenty- 
fifth transfer that were not seen in the first. 

This work is submitted as proof that blastocystis is a distinct 
zoological genus, and not a cyst of protozoa nor a form assumed by 
protozoa undergoing degeneration. 
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The objects of this investigation were, firstly, to find out the 
incidence of infection with various species of intestinal parasites in 
patients admitted to hospital for conditions totally unconnected with 
dysentery or other intestinal complaints, i.e ., symptomless carriers, 
and, secondly, to see what strains of amoebae were common. 

- That three successive examinations should indicate freedom from 
infection was a purely arbitrary standard, and is shown later to be 
erroneous in some at least of the cases in this series. 

We must bear in mind that a ‘ negative examination * does not 
mean that no cysts are present; it, of course, merely implies that 
none have been found, and, when we consider how small a proportion 
of the whole stool is submitted to examination, we can understand 
that if the cysts are few in number they may easily be missed m 
such a limited examination. Again, if only one or two are found 
after thorough examination of several specimens, though the results 
will be erroneous from the statistical point of view if put down as 
negative, owing to none being found in the first three specimens, 
nevertheless the infection is probably so slight that for all practical 
purposes the stool is negative. 

In this connection, however, it is also important to remember that 
the value of a negative report on examination will differ somewhat 
according to the species of parasite. Thus, a negative examination 
in respect of Giardia intestinalis is more likely to be correct, as 
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regards inference, than one in respect of Entamoeba colt, owing to 
the more general and even distribution of the former in a stool; 
while the latter are often so irregularly distributed through the faeces 
that cme sample taken for examination is by no means representative 
of the whole stool. Under conditions such as the latter, two 
observers examining different portions of the same stool might give 
diametrically opposite reports: the one that he could not find 
any, the other that coli cysts were abundant. In cases of Giardia 
infection this is less likely to occur. 

In order to minimise this difficulty as far as was practicable, 
instead of taking these specimens from a stool and examining direct, 
I have adopted the concentration method of Cropper and Row 
(1917). By this means, not only was the examination facilitated, 
but one was able to employ larger quantities for examination, and, 
by the prolonged shaking and consequently more thorough 
emulsification, to obtain specimens more representative of the general 
state of the stool. 

A second branch of investigation was also undertaken, as the 
opportunity to add something to the knowledge of the size of cysts 
in different persons infected was too good to be lost. All who have 
undertaken the measurement of a large number of cysts of the various 
parasites will appreciate the tediousness and labour involved in 
doing this day after day, but it appeared to me that it would be a 
matter of interest and possible utility to see whether the researches 
of Matthews and Malins Smith (1917) in Liverpool cases were 
corroborated by the findings in patients in Jamaica. 

With a pressure of routine work, and having no tfoined 
assistants, I Have been able to deed with a limited number of cases 
only, very limited indeed as compared with the large numbers 
examined and reported upon by the two authors mentioned, and 
in putting forward my results, I do so with a feeling of diffidence, 
since, owing to the limited time and resources at my disposal, I do 
not intend them as a comparison with their brilliant work. 

The remarks which follow, however, will serve as a good basis 
for further investigation which can be continued at any time, and 
also as a basis for comparison with similar cases in other tropical 
countries. 

The method which has been employed is as follows :—Cases for 
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examination were selected from among patients in the hospital to 
which the laboratory is attached. Those patients who had been 
admitted for any intestinal condition were excluded. It was 
desired to find out whether any of those admitted to hospital for 
complaints other than intestinal were harbouring parasites. Since 
these patients would leave hospital as soon as they recovered, they 
would then become hfealthy carriers, as regards the intestinal 
parasites present. 

A certain number of male and female patients were selected, and 
fresh stools from them were sent to the laboratory on alternate days 
for three weeks; on the intermediate days a similar series of an equal 
number of patients was sent. Two series of patients could thus be 
dealt with at the same time, or rather during the same period, the 
stools from one series being brought to the laboratory on Mondays, 
Wednesdays and Fridays, and those from the other on Tuesdays, 
Thursdays and Saturdays. Since no specimens were sent up on 
Sundays, each case was examined on the first, third, fifth, eighth, 
tenth, twelfth, fifteenth, seventeenth, and nineteenth days. 

• As none of the patients showed any signs of intestinal infection 
they were not under any treatment for the condition even when 
protozoal infection was detected, so that the natural course and 
variations could be followed during the period of examination. 

As Dobell (1917) has stated : 'A minimum of six examinations 
per case should be adopted (it is an arbitrary number), no case being 
regarded as free from infection [he is speaking of Entamoeba 
histolytica ] unless it has been examined six times with negative 
results. Untreated cases may be examined on any six days 
convenient to the examiner, since there is no evidence of periodicity 
in the occurrence of positive or negative examinations. Since the 
distribution appears to be at random, the chances of finding the 
infection, if present, are as great for any one day as any other.* 

The case J. T. affords an example in which infection with 
E. histolytica was not detected until the last examination of all; six 
examinations would have failed to find this one. 

The period of three weeks being decided upon, each patient's 
stools, if the actions were regular, were examined on nine occasions. 
Cropper and Row's concentration method was adopted, and was 
found to facilitate matters greatly when later we came on to the 
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mensuration of the cysts. There is no need to detail the method; 
suffice it to say that after concentration three separate specimens 
were examined from each before the stool was pronounced negative 
for the day. 

Examination for helminth ova was also made on the first day 
that the stools were sent; if these were found, no further search was 
made for them on subsequent occasions, as the percentage' of cases 
infected with these ova has been given in detail in my reports from 
Jamaica for several years, totalling over 40,000 specimens. If, 
however, none were found on the first day, their presence was noted 
when one came across them later in searching for protozoal cysts. 

The tables appended show the distribution of the various 
parasites found, the cases being arranged according to age. It will 
be seen that the stools from one hundred and two patients have been 
submitted to examination, of which fifty-three were males and 
forty-nine females. 

In twenty-one of the forty-nine female cases the Entamoeba colt 
was found during these examinations, and in six the E. histolytica. 
It will be noticed that in only one of these was the latter found 
without the former. Cysts of Giardia intestinalis were found alone 
in four instances, and in combination with other forms in eleven. 
Chilomastix mesnili was met with seven times and Balantidium colt 
once only. 

Comparing these figures with the numbers found among the 
fifty-three male cases: E. histolytica was found in nine, E. coli in 
twenty-seven, G. intestinalis in twenty-one (in four of these* they 
were present alone), C. mesnili was found in six, and B. coli in one. 

Thus, out of the total of one hundred and two patients whose 
stools were examined, E. coli was found in forty-eight, or just over 
47 per cent.; E. histolytica in fifteen, or 147 per cent.; G. intestinalis 
in thirty-six, or 35'29 per cent.; C. mesnili in thirteen, or 1274 per 
cent.; and B. coli twice. 

Cercomonas sp. occurred fairly frequently, but no record was kept 
of this. It is seen in a considerable number of the ordinary routine 
specimens sent to the laboratory for examination for ankylostome 
ova. 

. These proportions, when we consider that none of the patients 
gave any history, at all events recent, of intestinal troubles, are very 
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high, and it was my intention to continue the investigation to see 
whether subsequent series maintained this high percentage, but my 
transfer to Hong Kong has prevented this. 

Before considering each of these protozoa in greater detail, it 
will be well to note the criteria made use of in distinguishing the 
coli and the histolytica cysts; those of Giardia and Chilomastix need 
no description. As regards the points relied upon in differentiating 
coli from histolytica cysts, as is well known, it is the general 
summation of various characters which enables a definite diagnosis 
to be made in almost every case; no single character considered alone 
will suffice for a decision. The points are : — 

1. Size. 

2. Nuclei: (a) number, (b) character and arrangement of the 

chromatin. 

3. Cytoplasm. 

4. Inclusions: ( a ) chromatoid bodies, (b) vacuoles. 

5. Cyst wall. 

6. Shape. 

1. Size. The vast majority of histolytica cysts have a diameter 
between 5 p and 15/a, and of these there are said to be two chief 
strains met with, namely, ‘small/ between 6/1 and 9/1, with an 
average diameter of 77 a 1 , and the ‘ordinary/ between io^u and 140, 
with an average of 12 ’ 6 fi. 

Coli cysts vary between wider limits, namely, lift to 35/u, the 
commonest being between 14 n and 22/1, so that difficulties under 
this head are only likely to arise in differentiating between a large 
histolytica and a small coli cyst. 

2. Nuclei : ( a) Number. In histolytica they may vary from one 
to four. Malins Smith states that more than half are quadrinucleate, 
while one-third are uninucleate. In contradistinction to this, more 
than four-fifths of coli cysts contain eight nuclei, and only about 
10 per cent, are quadrinucleate, or less; occasionally a cyst with 
sixteen nuclei may be met with. It would, appear that the 
consistence of the stool has some influence; thus, it is stated that in 
loose stools about 60 per cent, of the cysts contain eight nuclei, in 
semi-formed between 80 and 90 per cent., and in formed stools 
between 90 and 95 per cent. Binucleate cysts are found in about 
7 per cent., and quadrinucleate in 3 per cent. 
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(b) Character and arrangement of the nuclear chromatin. The 
situation of this is, in either case, peripheral, but "in histolytica it 
consists of smaller granules and is distributed fairly evenly, whereas 
in coli it is in larger masses or small blocks less evenly distributed, 
and therefore outlines the nucleus more definitely than is usually the 
case in histolytica. 

3. Cytoplasm. This is of a greenish hue in a fresh specimen 
of histolytica and is not uniform in appearance, whereas in coli the 
uniformity is greater, the colour is pale and more of a greyish tint. 

4. inclusions : ( a ) Chromatoid bodies. These are better seen 
in fresh saline specimens than in preparations put up with Weigert’s 
iodine. In histolytica they are found in about 30 per cent, of the 
cysts, are rod-shaped, with blunt, square or rounded ends; whereas 
they are less, commonly seen in coli, only about one in twenty 
containing them, they are more irregular, are often pointed at the 
end, or ‘splintered.’ The value of chromatoid bodies in diagnosis 
is variable, for they may be absent from two-thirds of the cysts. 

(b) Vacuoles. These are fairly often seen in histolytica , may be 
multiple, and usually have an ill-defined contour and stain faintly 
with iodine; in contradistinction the vacuoles of coli are rarely 
multiple, have a sharply defined edge, and stain more deeply with 
iodine. 

5. Cyst wall. This is usually thinner in histolytica than in 
coli, and the latter sometimes appears to have a thin second contour; 
these points, however, are far from distinct, and are of minor 
importance as aiding diagnosis. 

6. Shape. Coli is stated to be less frequently asymmetrical rnan 
is histolytica, but one comes across cases in which quite a 
considerable proportion of the coli cysts are asymmetrical; this was 
particularly noticed in one of the patients in my series. 

When the majority of these points are in evidence there is no 
difficulty in diagnosis, but one may meet with cysts which have two 
or four nuclei, are ill-defined as to colour and uniformity of the 
cytoplasm (as stated by Matthews and Malins Smith), have no 
chromatoid bodies, no vacuoles, and not a sufficiently distinctive 
arrangement of the peripheral chromatin; in such cases certain 
diagnosis is not possible, but fortunately these are rare. 
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BNTAMOBBA COLI CYSTS 

These were present, as already stated, in 47 per cent, of the 
one hundred and two cases examined; there was a slightly larger 
proportion found among males, viz., twenty-seven out of fifty-three 
(in the females twenty-one out of forty-nine). Since at least five 
hundred cases should be examined before any reliable inferences can 
be drawn as to incidence, it is very probable that further examina¬ 
tions would alter this preponderance. As shown in the table, it was 
the only one found in five cases of the males and in eight of the 
females; in conjunction with others it was more often met with. In 
some instances the infection was multiple; thus, in two of the males 
and one of the females there were Ankylostoma, Ascans , Trichiuris , 
coli, histolytica , Giardia and Chilomastix , without causing any 
apparent abdominal or intestinal disturbance. 

No age seems to be exempt; thus, the cysts were found in a boy 
of 9 years of age and in a man of 68 years, in a girl of 13 and a 
woman of 56. None were found in the five women whose ages 
exceeded this, probably a mere coincidence. 

It is interesting to remark that the nearest approach to the 
proportion of coli infection found in this series of natives examined 
(namely, 47 per cent.) was noted by Matthews and Matins Smith in 
England among asylum patients (45 9 per cent.). For those who 
are acquainted with the West Indian native, the obvious inference 
would form a subject of acrimonious if not fruitful debate. 

Mention has already been made of the irregularity of distribution 
of the cysts of coli in the faeces, resulting in the finding of several 
in one specimen and none in others in the same stool; but, by 
examining larger amounts and concentrating, as I tried to do, the 
effects of this irregularity have been reduced. The fact must also 
be bowie in mind that the cysts may appear intermittently and be 
found in nearly all the preparations made one day, but absent on 
another in spite of the careful examination of many preparations. 
Several of the cases given in the table bear out this point. Thus, in 
No. 52 of the males no cysts were found until the middle of the 
third week of examination, and in No. 16 they were seen on the first 
day in conjunction with histolytica , but not again, although the 
latter was found once subsequently. Other instances of intermittency 



among the males are Nos. 4, 6, 15, 18, 49.. More cases of a single 
finding of this variety of cyst occurred among the women, namely, 
Nos. 18, 25, 9, 41, 27, 3, when they were seen at the first, third, 
fifth and sixth examinations only. In Nos. 42 and 24 they were not 
seen until the seventh and eighth examinations respectively, and, 
although there was infection in No. 22 with colt, histolytica , Giardia 
and Chilomastix , the first-named was found on one occasion only. 

It has been stated by Dobell that ‘ in a series of cases in which 
the mean number of examinations per case is three, not more than 
two-thirds, and possibly not more than half, will be detected.' 
Taking the first three examinations-in this series of cases, there were 
detected fourteen among the females and eighteen among the males, 
a total of thirty-two out of the forty-eight in whom these cysts were 
present—exactly two-thirds. 

Matthews and Malins Smith found that six examinations give for 
histolytica about three times the number of positive results obtained 
by one examination (23 per cent, in place of 7*8 per cent.), and for 
colt 20*6 per cent, from one examination became 59*8 per cent, by 
subsequent ones. 

In my series, five only of the twenty-two positive cases among 
the females were detected at the first examination (less than one in 
four), and ten of the men, giving a total of fifteen out of forty-eight 
in spite of the concentration methods. 


ENTAMOEBA HISTOLYTICA CYSTS 

The cysts of histolytica are usually more regularly distributed 
than those of coli, though less so than those of Giardia . A negative 
record may, as Dobell states, arise either from their having a localised 
distribution and the part containing them not being submitted to 
examination, or to their being few in number and so overlooked. He 
offers an explanation as to the uniformity or localisation of distribu¬ 
tion in the site of infection; if the upper part of the large intestine 
is affected, the faeces here being more or less fluid the cysts are fairly 
evenly distributed, and when solidification of the faeces occurs lower 
down the cysts remain scattered through the mass, but, if the lower 
part is affected, the faeces are already practically solidified and the 
cysts from the ulcerated surface are thus more superficially distributed 



and also localised to those parts of the contents which have been 
in contact w ith the infected, ulcerated surface. 

There would seem to be no periodicity in the appearance of cysts 
of histolytica in the faeces. Owing to the scarcity or to the localised 
distribution a negative record must not be taken to mean non¬ 
infection, unless a large number of examinations are made. Three 
negative examinations certainly do not warrant a negative report. 
Thus, only three of the cases among the females were discovered in 
my series in the first three examinations and not a single one at the 
first, in spite of the concentration method, showing most emphatically 
the uselessness of a negative single finding. Among the males only 
two were found at the first examination, and only six in the first 
three. Of the men and women together, only nine out of fifteen were 
discovered in the first three examinations. At the fourth one more 
was found, another at the fifth, three more at the sixth, and one not 
until the last time of examination. 

The tables show also the irregularity in the days of appearance 
of the cysts of histolytica in the faeces; thus, amongst the men they 
were noted at the first and seventh; first,, second, eight and ninth; 
second, third, fourth, fifth, sixth and ninth; second, fourth and 
sixth; second and third only, second and sixth; and so on. Among 
the women on the second only; the fourth only; the fifth and ninth; 
the second, third and seventh; the second, fifth, sixth and seventh. 

These patients were not being treated for the presence of these 
cysts, for none of them showed any clinical symptoms attributable 
thereto, and the mere presence of them does not imply amoebic 
dysentery either present or past, and certainly does not warrant 
specific treatment. The danger is more, of course, for others, for, 
though causing no symptoms in the host, they may nevertheless 
produce acute dysentery in another. 

In this small series of one hundred and two cases it is seen that 
a larger number of histolytica carriers was found amongst the men 
than the women, in the proportion of three to two. Age appears tc 
have no significance; thus, of the females one was aged 13, two were 
28, one each at 30, 50 and 56 years. Of the men the youngest was 
23, then came one at 25, one each at 29, 30, 31 and 32, two at 35 
and one at 52 years; the only point which may be mentioned is that 
seven of the fifteen were found in patients during the third decade. 



The importance of this infection with histolytica is great. From 
an examination of a large number of cases, Dobell stated that the 
incidence of infection does not appear to be conspicuously greater 
among the cases arriving at the general hospitals for treatment than 
among those reaching their final dep6ts after such treatment. It 
would seem, therefore, that the treatment which most of the dysenteric 
patients had received had not been sufficient to rid them of their 
infections. This refers to patients who suffer or have suffered from 
an attack of dysentery. Seeing that the infection is high in my 
series of patients who had not been abroad (i.e. % outside Jamaica) 
and who showed no clinical symptoms of intestinal mischief, there is 
every likelihood of greater spread now that large numbers of the 
contingents sent to the war from that island have returned, and that 
several of them suffered from dysentery in Egypt and elsewhere. 
Further, * Egypt and its neighbouring lands are notorious centres of 
amoebic infection/ Dobell has also shown that passage through an 
infective area, by affording an opportunity of exposure to infection 
with histolytica , resulted in the acquisition of infection by a large 
number of individuals. The incidence of infection in men returning 
from Egypt and Gallipoli was not conspicuously higher among those 
who were classified as ‘ dysenteries * than among those invalided for 
other reasons. This is very applicable to the men who went from 
Jamaica, for many (if not most) of them served in Egypt, and some, 
at least, must have brought back infection with them. 

As a matter of fact, the danger of spread is greater there than at 
home, for many of those harbouring the cysts appear to be in perfect 
health, are able to undertake their regular duties, associate frefely 
with their fellowmen, and may spread the disease. Also the duration 
of carriage in a healthy carrier is not known, and would appear to be 
almost indefinitely prolonged; though there are intervals when the 
condition cleans up, still this disappearance is only temporary. The 
two main safeguards against spread are a good sewerage system and 
abatement of the fly nuisance. Except in Kingston itself, and in 
parts only of the city, there is no proper sewerage system, the street 
gutters constituting the sewer for many. As regards the fly question, 
this is always a difficult problem in the tropics, and since we know 
that flies can take up histolytica cysts, pass them unchanged through 
their bodies and so infect food, the danger is clearly a very real one. 
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' Wenyon and O’Connor’s (1917) remarks on tlie fly question may 
be briefly quoted here: — 

1. Flies readily take up encysted and other forms of protozoa 
into their intestines. 

2. Encysted forms remain in the intestines of the fly as long as 
there is any faecal matter. If prevented from feeding they may 
retain the cysts for as long as forty-two hours; if feeding is allowed, 
they do not retain the cysts as long, and the flies may deposit 
material (and with it cysts) ingested only five minutes previously. 

3. Cysts do not degenerate to any extent in the intestines of the 
fly, but readily pass unaltered. 

QiARDiA iNTBSTINALIS 

There is no proof that Giardia is pathogenic, at any rate in 
adults. It has been found in a considerable number of instances in 
this series, sometimes in a free state, sometimes encysted and in very 
large numbers. Its presence has been noted in thirty-six of the 
one hundred and two cases, or 35*29 per cent.; of these twenty-one 
were amongst the fifty-three males and fifteen amongst the forty-nine 
females. This, again, is a higher percentage than was found in 
cases recorded by Dobell, Wenyon and O’Connor. The first-named 
found 27*3 per cent, with a minimum of six examinations, but states 
that this was probably not more than three-fourths of the real 
number. 

This parasite is usually found more frequently in patients 
suffering from diarrhoea, but it is probably nearer the truth to say 
that the diarrhoea or loose action is the * cause ’ of the detection of 
the infection than vice-versa , that the infection is the * cause ’ of the 
diarrhoea. Two reasons may be offered to account for the high 
percentage of infection in my series; firstly, that in order to ensure 
the procuring of specimens many of the patients were given salines, 
thus producing a loose action, and secondly, the concentration 
method allowed of the discovery of the organism in cases where they 
would otherwise have been so few as to be overlooked. 

In reports of examinations carried out in England, it has usually 
been found that Giardia was much more common in children, so 
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much so that Matthews and Malms Smith suggest that this flagellAte 
is mainly a parasite of children and that it may disappear from the 
intestine in course of time. 

In my series it was found in all cases examined (six) below the 
age of 15 years, but was also present in others of 20, 56, and 60 
years of age (five out of eight in the sixth decade); among the females 
it was found in two of the three under 15 years of age, but also in 
seven out of seventeen between 21 and 30 years, and in one each at 
37, 48 and 56 years. 


CHILOMASTIX MBSNILi 

Cysts of this parasite were found six times among the males and 
seven among the females, giving a total percentage of 1274. In 
some instances they were exceedingly numerous, occurring not only 
in every field, but sometimes more than one in the field, the concen¬ 
tration method accounting in part for this. They are probably of 
no pathogenic significance. 

Lastly, it may be mentioned that Balantidium colt was found 
twice: in a woman of 56 and a man of 22 years of age, in the latter 
as the only parasite detected, in the former associated with E . coli. 

The appended tables give succinctly the chief points in connection 
with this investigation. The patients have been arranged in order 
of age for ease of reference. 
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Tabu I.—Showing results of faecal examinations. Females, Jamaica. 

Balantidium colt. C*.=> Entamoeb a colt . Cb.*= Cbilomastix mesnili. <?.= Giardia intestinalis. H.=Entamoeba histolytica ... signifies that the stool toas not obtained. 
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This investigation was carried out coincidently with another 
which was undertaken to determine the incidence of intestinal 
parasites amongst patients in hospital for some cause other than 
dysentery or other intestinal complaints. Of the various patients 
whose stools were examined, only those with a considerable number 
of cysts will be dealt with in detail; others will receive briefer mention 
but will be included in the total of all the cysts measured. 

Malins Smith (1918) has shown that the curve obtained by 
measurement of one thousand cysts of Entamoeba histolytica from 
thirty cases is bimodal, between 7 /a and 8 /a and between 12 /a and 
13/A; while that for Entamoeba coli is unimodal, between i6/a and 
17/A. He also found that cases with cysts averaging between 9 /a 
and 1 o/a were very rare. He demonstrated that the two chief strains 
were the ‘ small ’, averaging 7*7 /a, and the ‘ordinary 1 , averaging 
1 2‘6/ a , and that in England infections with the former were rare in 
those who had never been out of the country. 

It was his experience also that each strain persisted for a long 
time if left without treatment, or without being effectively treated, 
and that the strains did not replace each other. 

Dobell and Jepps (1918) claim to have established that there are 
five strains of Entamoeba histolytica cysts, those occurring most 
frequently being approximately 6‘6/a, 8‘3/a, ii.6/a, i 3 - 3 /* and 15/A. 

‘For the complete demonstration of the existence of strains in 
cysts of Entamoeba histolytica it is necessary to prove that the mean 
diameter of cysts from any patient is not subject to any considerable 
variation from day to day, but remains constant.' 
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As regards the question as to whether change in size of cysts in 
Entamoeba colt can occur from day to day, or rather from one day 
to another, there is not sufficient evidence at hand, according to 
Malins Smith. 

In another paper by the same author (1919)1 he states that 
samples of one hundred cysts (he is speaking of Entamoeba 
histolytica ), taken on different days, often differ much more in 
average size than samples from the same stool, so that these 
differences cannot be accounted for by errors in sampling, and it has 
been suggested by Dobell and Jepps (loc. cit.) that emetine treat¬ 
ment may affect the size of the cysts, in that if they appear after 
treatment they are liable to be larger than on normal occasions. In 
the series dealt with below this question of the effect of emetine does 
not come into discussion at all, since none of the cases showed any 
intestinal symptoms to warrant interference, and they were not given 
any treatment for the eradication of the cysts. 

When mixtures of f small * and ‘ ordinary * strains are found it is 
only natural to expect that the cysts may appear in different propor¬ 
tions on different days, and thus there will be differences in the 
average size of the cysts. 

The criteria relied upon for differentiation of the cysts were those 
stated in a previous paper on the incidence of intestinal parasites in 
symptomless carriers in Jamaica, namely, the size and shape of the 
cyst, the characters of the cyst-wall, the number of nuclei and 
arrangement of the nuclear chromatin, the cytoplasm and its 
inclusions—chromatoid bodies and vacuoles. 

One of the most interesting of the cases in which cyst measure¬ 
ments were made regularly and in considerable numbers was that of 

I. E. H., male. At his first examination cysts of both 

Entamoeba coli and E . histolytica were found in fairly large 

Fig. 1. Showing size of E . histolytica cysts (72). Case I. First examination. 
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numbers; one hundred and thirty-two coli and seventy-two 
histolytica were measured. To save a long description, the curve 
(following the method of Matthews and Malins Smith) below gives 
at a glance the relative numbers present of cysts of the different sizes. 
To avoid making the curve too complicated, the abscissae are 
drawn at intervals representing I /*, and the ordinates at intervals 
representing io units. 

At the second examination, three days later, the numbers of cysts 
found were less, but still considerable; the histolytica , however, were 
rather more often met with, in the proportion of six to five, whereas 
in the previous examination the coli were nearly twice as numerous 
as the histolytica (this may, of course, be a mere sampling 
coincidence). As regards the coli cysts, there is not much difference 
to notice, except that those most frequently met with on the first 
day were between 16/x and 17//, constituting nearly 50 per cent, 
(sixty-one out of one hundred and thirty-four), whereas on the next 
occasion thirteen out of fifty were between 1 7n and i8,u. As regards 
the histolytica cysts, those most frequently met with, and those 
nearest approaching them, were practically the same as on the first 
occasion. 

Fig. 2. Showing size of E. histolytica cysts (60). Case I. Second examination. 
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This patient then left hospital for a week to see after some 
private matters at home; further examinations were carried out on 
his return. Not only were coli cysts quite infrequently met with, 
but histolytica were numerous; in the course of measuring one 
hundred of the latter, only twenty of the former were encountered. 
More than one-third (seven) of the coli cysts were 19*4 fx in diameter, 
and the average size of all was 18*64 ji ; only one was found of the 
size (16 /i to 17/O which was most frequent at the first examination. 
Also, as the curve below shows, the histolytica cysts were distinctly 
smaller, though still nearer the size of the ‘ ordinary ’ strain than the 
‘ small \ Thus, at the first examination the most frequent were 
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12 * 6 ia and 13*2/1, while J:hey were now at the third examination 
106/1 and iV 2 p. 

Fig. 3. Showing size of E. histolytica cysts (100). Case I. Third examination. 
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Two days later a fourth examination was made of the stools from 
this patient, and again histolytica cysts were found m fair numbers, 
while coh cysts were conspicuous by their absence. While measuring 
two hundred of the former, only five of the latter were encountered. 
I hough among the histolytica cysts the size most frequently met 
with was that of diameter 10*6/1, as before, nevertheless, as the 
curve shows, those a little smaller still were present in considerably 
greater proportion than on previous occasions. It is a matter of 
much regret that this patient left hospital just afterwards, so that 
I was not able to obtain further specimens, for though, as already 
stated, the strains do not replace each other, nevertheless, these 

Fig. 4. Showing size of E. histolytica cysts (200). Case I. Fourth examination. 
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findings are at variance with the statement that * the mean diameter 
of cysts from any patient is not subject to any considerable variation 
from day to day, but remains constant/ 

Thus, the sizes 12*6/* and 13*2 fx most frequent at the first 
examination became at the third examination, a week or ten days 
later, 10*6/u and 11*2/1; and cysts 13*2in size, the numbers of which 
(viz., twenty-seven and fifteen) were only one less than the most 
frequent numbers (viz., twenty-eight and sixteen) in the first and 
second specimens examined, had dropped at the fourth examination 
to only 1*5 per cent, of the cysts found. 

Fig* 5) in which the curves for the different examinations arc 
placed on one chart, the proportions of cysts of various sizes being 
reduced to percentages, shows well the change which occurred in the 
size of the cysts in the course of a fortnight or so. 

Fig. 5. Showing size of E. histolytica cysts. Case I. Four examinations. 

60 
40 
30 
30 
10 


.— « fir»t — - — - — as second ..= third ------ = fourth 

Fig. 6 gives the curve for the whole four hundred and thirty-two 
histolytica cysts measured in this case. 

Fig. 6. Showing size of E . histolytica cysts (432). Case I. 
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II. M. W., female. Several examinations were made also of 
this case, and, except on one occasion, histolytica cysts were much 
more numerous than coli cysts. On the first occasion on which 
one hundred were measured, 25 per cent, were of a diameter of 
7*9/1; this was the size" most frequently met with, while the mean 
for the one hundred was 8*94/1, and thirty-five were between 7/* and 
8/* in diameter. 

Fig. 7 shows the curve of distribution on this occasion. 

Fig. 7. Showing size of E . histolytica cysts (100). Case II. First examination. 



On comparing these findings with subsequent ones, the condition 
is most interesting, and I can find no other explanation than that 
either this patient was infected with both the f small 9 and 4 ordinary' 
varieties, or rather with the 1 small 1 and one or more of the larger 
varieties, and that after the first occasion the ‘ small * failed to 
appear, or, secondly, that a change took place of the nature of 
conversion of the small into the larger. This, it is generally held, 
does not occur, though, as already stated, Dobell suggests that after 
emetine treatment, if cysts reappear, they may be larger than before 
treatment. In this case, as with the others, no emetine at alb was 
given. 

There is one other explanation of the findings, namely, that the 
wrong stool was sent up on the first day, as the findings then were 
so different from those on subsequent occasions, but every care was 
taken to atoid such a mistake. The patients were told what was 
wanted and the reason for it, and the nurses were also asked to take 
particular care to obtain the specimens fresh and send them up as 
soon as possible after the passing of the stool. 

Moreover, on comparing the figures for the different examina¬ 
tions, it will be seen that the transition of the mode of the curve is 
gradual. Thus, in fig. 7 the greatest number had a diameter 
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between 7 p and 8^; after an interval of two examinations in which 
no histolytica cysts were found at all, they appeared in large 
numbers, those most in evidence having a diameter between 9 n 
and 10/x. 

Fio. 8. Showing size of E. histolytica cysts (100). Case II. Second examination. 
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On the third occasion those most frequently encountered had 
an average diameter between 10 fi and 11/1, and in addition 
there were more cysts between 13/* and 14/* than at the previous 
examinations. 

Fig. 9. Showing size of histolytica cysts (125). Case II. Third examination. 
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At the fourth examination, at which the cysts were numerous, 
those between io/* and ii/u were again the most frequent, and even 
more so than at the previous examination. 

Fig. 10. Showing size of E. histolytica cysts (130). Case II. Fourth examination. 






The fifth examination showed a similar state of things as regards 
those between iq/a and ii/x, while those between 13/1 and 14/u were 
becoming less again. 

Fig. iz. Showing tfze of E. histolytica cysts (100). Case II. Fifth examination. 
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Finally, a short time before the patient left hospital the number 
of cysts generally was less, but though those with diameter between 
10 fi and 11 >u comprised about 25 per cent., there was a still 
proportion, namely, fifteen out of forty (/.e., 37 per cent.) with a 
diameter between 12/1 and 13)u, i.e ., the size known as ‘ordinary.’ 

We note, therefore, the peculiar fact that in the course of a month 
there was a change from cysts of the 4 small 1 variety being most 
numerous to those of the 4 ordinary * variety, passing through 
intermediate phases. 

This is graphically shown in fig. 12, which gives the superposed 
curves of the six examinations, where the shifting of the mode to the 
right is very evident. It will be noted that the curves for the third, 
fourth and fifth counts strongly resemble one another. 

« 

Fig. 12. Showing size of E. histolytica cysts. Case II. Six examinations. 
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Fig. 13 gives the single curve for the whole five hundred and 
ninety-five cysts measured from this case. 
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III. C. H., male. This patient’s stools showed cysts of 
Entamoeba histolytica on two occasions during the three weeks, the 
second being five days after the first. On the first, one hundred 
cysts were measured, and, as the following curve shows (fig. 14), 
those most frequently met with had a diameter of ii'2/t, while 
47 per cent, were between 1 i/j and 12/u, and the mean for the 
one hundred was n'32/u. 


Ftc. 14. Showing size of E. histolytica cysts (100). Case III. First examination. 
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On the other occasion on which histolytica cysts were found, out 
of the fifty measured there were ten each of 9’3A 1 and n'5/*, and an 
average diameter of io'2/u; the greatest number (26 per cent.) were 
between Q/i and 10 /i. 

A curve of all the histolytica cysts measured from this 
(one hundred and fifty) is given in fig. 15. 


case 
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Fig, 15. Showing size of E . histolytica cysts (150), Case III. 



IV. T. M , male. On the first occasion on which cysts were 
found m specimens from this patient, histolytica and Giardia only 
were met with, and of the former very few—twenty only in a 
prolonged search Of these between one-third and a half showed 
asymmetry, so that the mean of the two diameters was taken as 
the measurement, of the twenty there were six each between 7/1 and 
8/1 and between 8 n and 9/1, the remaining eight being between 
11 /i and 12/1 1 

For five days after this Giardia only was found, and then 
histolytica was encountered in considerable numbers One was able 
to measure one hundred with very little searching, and during the 
measuring of these a few coh cysts were also found, but only five of 
them. The distribution of sizes of the one hundred histolytica cysts 
is shown in fig 16 with the twenty seen on the first occasion, 
only six were of the small size, the greatest number being between 
11/i and 1 2/1 as before, but this only exceeded by one that of those 
between io/s and 11/1. 

Fic. 16. Showing size of E. histolytica cysts (100) Case IV. First examination 
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They were not found agau\till four days later, when practically 
the same condition of things was noted and cysts were encountered 





in the same relative proportion, namely, six coh to one hundred 
histolytica . Those met with most frequently were of the same size 
as before, but the mean was higher, ir6/i as against io*8/* on the 
previous occasion, a difference, possibly, not more than would be 
accounted for by sampling errors with so small a number as 
one hundred. 

Fig. 17. Showing size of E. histolytica cysts (100). Case IV. Second examination. 



The following five cases do not call for much individual or 
detailed description. In all of them histolytica cysts were only 
found occasionally, perhaps at one examination; their claim to 
mention consists in the fact that when they were found one hundred 
cysts were measured, so that a percentage of size was obtainable. 

V. C. M., male. At the first examination a few coh cysts only 
were found; during the next twelve days no cysts of any kind were 
seen, then coh in small numbers. Giardia very numerous and 
one hundred histolytica were measured. During the succeeding 
twelve days again no cysts were seen in spite of repeated examina¬ 
tions, but then a few coh again made their appearance. 
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VI. R, W., male. On two occasions only in three weeks were 
cysts found in the stools of this patient. At the first there were not 




many of either iorm, but twenty-six colt were found to twelve 
histolytica . On the second occasion, eleven days later, almost the 
same number of colt were seen, but histolytica were more numerous, 
one hundred being measured. Those most frequently met with were 
between 120 and I3A*> with a mean for the one hundred cysts of 
i2 *3 a«. This corresponds, therefore, to the * ordinary * type of cyst 
infection. 

Fig. 19. Showing size of E . histolytica cysts (100). Case VI. 



VII. W. F., male. The occurrence of cysts in this patient was 
very irregular. At almost the first examination histolytica cysts 
were met with in considerable numbers, and one hundred were 
measured. For the next four days none were seen at all; then a few, 
eight only, were found after a long search. They were again absent, 
or perhaps it were better to say undiscovered, for nine days, and 
then in small numbers only and with GiarcLia cysts. Two days 
afterwards colt cysts appeared for the first time since the examina¬ 
tion was begun, though not in large numbers, and histolytica was 
present in small numbers as before, Giardia being numerous. A 
curve is given for the occasion on which one hundred cysts were 
measured. Those most frequently met with had a diameter of 
11*60, and the mean was 11*690. 

Fig. 20. Showing size of E. histolytica cysts (100). Case VII. 
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VIII. M. S., female. On four occasions histolytica cysts were 
seen m this case; the interval between two appearances was ten days 
in one instance. Three times out of the four a few cysts only were 
9cen, namely, nine, six, and fifteen, but once one hundred were 
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found, and measured. Coh cysts were usually present too, but not 
in large numbers, and on one occasion none could be found at all. 
Fig. 21. Showing size of E . histolytica cysts (ioo). Case VIII. 
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IX. M.S., female. This patient left hospital after two examina¬ 
tions. At one no cysts were detected at all, at the second histolytica 
cysts were found to be fairly numerous, while coli were present also 
but in smaller numbers (one to four); nearly half of the histolytica 
varied between Ii/u and 12/u in diameter. 

Fig. 22. Showing size of E. histolytica cysts (ioo). Case IX. 



X. Finally, there may be mentioned a case in which histolytica 
cysts were found on several occasions in conjunction with coli, but 
at no time were they numerous. Fifty were measured twice, and 
altogether a total of one hundred and sixty-seven. Those most 
frequently met with had a diameter between and 8/u, and next to 
this between lift and \ 2 fi. 

Fig. 23. Showing size of E, histolytica cysts (167). Case X. 
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, From three other cases between fifty and one hundred cysts were 
measured^ while in five more a smaller number still were found. 
Some of these patients left hospital before the investigation could be 
completed, or were transferred to other wards and the stools were 
not sent up regularly. It would serve no useful purpose, therefore, 
to discuss these in any detail; the total has been included in the 
two thousand, three hundred and eighty-nine histolytica cysts 
measured. This number includes cysts from eighteen patients, of 
whom ten contributed over one hundred cysts each, three between 
fifty and one hundred, and the remaining five a smaller number. It 
may be repeated once again that none of these patients gave a history 
indicative of previous attack of acute dysentery (this does not 
preclude their having had such an attack) and none were 
suffering from any intestinal trouble during the time they were under 
investigation. 
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If one considers fig. 24, the curve would appear to be a multi¬ 
modal one, with a mode between 7*5/1 and 8/1 (corresponding to the 
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‘ small 1 variety) with an average diameter of 77/4; a second between 
10/* and 10*50; a third between 11 n and 11*5*4; a fourth about 
12/4, and a fifth between 13/4 and 13 5/4. 

It is worth noting that there is among this series no mode at 
12*6/4 as has been found by Matthews and Malins Smith at home, 
but there is a very marked one practically corresponding to the 
11*6/4 variety of Dobell and Jepps, and also one corresponding to 
the 133/4 variety (I forbear to call them ‘strains') of the same 
author. 


Fig. 25. Showing size of E . histolytica cysts (2,389). 



When, however, the figure is drawn up giving the numbers found 
within certain intervals of a complete 1/4, the curve then appears as a 
bimodal one (fig. 25), though the second mode does not occur 
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between 12 /* and 13**, as Malins Smith found, but between u/k 
and 12/1. 

The interpretation of this I cannot give, for further examinations 
for a prolonged period of a large number of cases would be necessary 
before any dogmatic statement could be brought forward. Whether 
the prolonged infection with the cysts of Entamoeba histolytica 
leads to their becoming reduced in size, or whether the strain 
in Jamaica is not the same as the ‘ ordinary * strain found at 
home, but a little smaller, is mere conjecture and not worth serious 
consideration with the small data at present available. 
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An investigation of the cysts of Entamoeba colt was undertaken 
simultaneously with that of Entamoeba histolytica and on similar 
lines. The stools were obtained from two series of patients, three 
each of male and female, on alternate days, the patients being chosen 
from those in hospital for some condition other than an intestinal 
complaint. One series was sent up for examination on Mondays, 
Wednesdays and Fridays, the other on Tuesdays, Thursdays and 
Saturdays, for a period of three weeks. 

It has been stated that, in contradistinction to the curve for 
Entamoeba histolytica cysts, the curve for the cysts of Entamoeba 
coli is unimodal, with the mode between 16/1 and 17/1. Another 
statement which has been made is that ‘the evidence upon the 
important question as to whether change in cyst size [of Entamoeba 
coli ] occurs from day to day is insufficient.’ The data founded on 
the following series of cases, though not very extensive, may offer a 
little evidence to help in the solution of this question. 

As in the case of histolytica , each patient from whose faeces a 
considerable number of cysts was measured will be mentioned 
separately, and then a curve will be given for the whole number. 

I. This patient exhibited both coli and histolytica cysts in 
considerable numbers; the latter have been dealt with in a previous 
paper. As regards the coli cysts, one hundred and thirty-four 
were measured on the first occasion; among these the size most 
frequently met with was 16-6/1 in diameter, and the mean for the 
whole was At none of the subsequent examinations, in spite 



of the fairly abtindant presence of histolytica , were colt cysts 
plentiful; in fact, they became less and less frequent at each 
examination. Thus, on the next occasion on which they were found 
only fifty were measured, and a prolonged search resulted in finding 
twenty and five respectively at the next two examinations. 
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Fic. 2 . Showing size of E . colt cysts (209). Case I. 



II. The second case left hospital after two examinations had 
been made, in both of which Giardta and colt cysts were fairly 
numerous, particularly the former. On the first occasion one hundred 
and fifteen colt cysts were measured , and on the second one hundred . 
The curves for these and for the total are given below. At the 
former examination those most frequently met with had a diameter 
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by one, with a mean of 20 4ft; at the second, those of 19*8/1 were 
most numerous, and the mean of the one hundred was 199ft. 

Fio. 3. Showing size of E . colt cysts (115). Case II. First examination. 
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Fio. 4. Showing size of E. colt cysts (100). Case II. Second examination. 



Fig. 5. Showing size of E. colt cysts (215). Qise II. 



III. At the first examination of faeces from this patient several 
specimens and prolonged search revealed only seven histolytica and 
three coh cysts Two days later there was a different picture, 
colt cysts were many, Giardia and Chilomastix were in considerable 
numbers, while no histolytica were seen at all. 

Again, after an interval of two days no Giardia were found, 
there were a few Chilomastix, three histolytica and four coh cysts 
after long search. For the next week only Giardia was found, and 
then coh were again numerous, as were also Chilomastix and 
Giardia , and a few histolytica. 

On the first occasion, where one hundred and two cysts were 
measured, those most frequently met with had a diameter of 20'3/i, 
the mean being 20*1/1, at the last examination 17 8/1 were the most 

frequent, and the mean was 18*17(11. 
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Fro. 6 . Showing use of E. colt cysts (ioz). Cate III. Fint examination. 
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Fig. 7. Showing size of E. colt cysts (100). Case III. Second examination. 



Fig. 8. Showing size of E. colt cyst9 (214). Case III. 



IV. The fourth patient’s stools contained coli cysts on several 
occasions, and in large numbers on some. On three of these 
one hundred or more were measured, and the relative proportions of 
the various sizes are shown in the accompanying curves. Those 
occurring most frequently were 20 9/1, 19.8/1, and 19.8/t, respectively 
with corresponding means of 19-8/1, 19 2/1, and 19-9/1, considerably 
larger than the usual mean of 16/1 to 17/1 given for coli cysts in 
general. 
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Fio. 9. Showing size of E. colt cysts (102). Case IV. First examination. 
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Fio 10. Showing size of E. colt cysts (100). Case IV. Second examination. 



14 15 16 17 18 19 20 21 22 23 

Fig II. Showing size of E. colt cysts (100). Case IV. Third examination. 
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Fig. 12. Showing size of E. coli cysts (309). Case IV. 









The following eleven cases exhibited Entaptoeba coli cysts in 
their faeces, but not sufficiently often for large numbers to be 
measured on several occasions; a total of over one hundred was 
measured from each, and, therefore, a brief remark on them is 
warranted. 

V. This patient has already been mentioned in the paper on 
the measurement of cysts of histolytica , as she was passing both 
histolytica and coli in considerable numbers, but, except on one 
occasion, the former were in greater numbers. 

At the first examination at which cysts were found, there was a 
proportion of four histolytica to one coli . In measuring one hundred 
of the former only twenty-two of the latter were encountered. Of 
these the size most frequently met with (six in all) had a diameter 
of about 21 /i (between 2i*i/i and 215/t; the average for the whole 
was 20* i /i. 

At the second examination prolonged search revealed only six 
coli cysts, varying from 19*1/1 to 21*1/1 in diameter, with a mean 
of 20*23/1. On this occasion prolonged and repeated search yielded 
no histolytica cysts at all. 

Two days later histolytica were again numerous while colt were 
very scarce, only three being encountered during the time that 
one hundred histolytica were measured. Yet again, after two more 
days, though histolytica were fairly numerous, they did not exceed 
the coli in such proportion, seventy-six of the latter being found to 
one hundred and twenty-five of the former. On this occasion the 
average size of the cysts was large, namely, 21*06/1, the most 
commonly occurring being 22*4/1, of which there were eleven, while 
of 20*5/1 and 237/1 there were ten each. Two days later they 
were present in about the same proportion, seventy-two coli to 
one hundred and thirty histolytica ; some coli both larger and smaller 
than on previous occasions were found, but otherwise the numbers 
were fairly evenly distributed, the mean for the whole being 20*1/1, 
the highest number being nineteen between 20/1 and 21/1. 

At the next examination coli were present in a proportion of one 
to three (thirty-three coli to one hundred histolytica ). There is 
nothing particular to remark about them on this occasion; the most 
commonly occurring had a diameter of 20*7/1, while only one less 
were 20*1/1 one the one suite and 22*5/1 on the other; the average for 
the whole was 21*47/1. 
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At the last time of examination there were rather more coli than 
histolytica (fifty-five to forty), the most common was 19*6/1, and the 
mean of the whole was 19*79/1. 

Fig. 13. Showing size of E . colt cysts (267). Case V. 
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VI. In this patient coli cysts in considerable number were found 
on one occasion only, though histolytica were met with more 
frequently. When they were in sufficient numbers one hundred were 
measured, and the curve below gives the various sizes encountered. 
It is a matter of regret that during this patient’s subsequent stay 
in hospital these cysts were not again found, because it would have 
been interesting to see whether this bimodal form of curve persisted, 
in contrast with what usually obtains in infections with Entamoeba 
coli cysts. 

Fig. 14. Showing size of E . coli cysts (100). Case VI. 
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VII. This patient left hospital after one examination had been 
made; at this, however, one hundred and eight coli cysts were 
measured, of which the diameter of the most frequently occurring 
was 17*9/1, with 17*5/1 only one less, and the mean was 17*8/1. The 
curve of these is given (fig. 15). 

Fig. 15. Showing size of £. coli cysts (108). Case VII. 
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VIII. On two occasions only were colt cysts found in any 
numbers; on the first of these one hundred were measured, on the 
second fifty. At subsequent examinations merely three or four were 
found, and sometimes none at all. These two occasions were but 
two days apart, and it is interesting to note the difference in the 
prevailing size. Thus, with the first one hundred the diameter of 
those most frequently met with was 19*2 fx and the mean was I975A 4 * 
while at the second time of examining the commonest was 15 9 n and 
the mean 17 83yu. These wide differences illustrate remarkably the 
errors possible from the measurement of small numbers of cysts. The 
curve for the whole one hundred and fifty is given here (fig. 16). 
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IX. After several negative examinations colt cysts were found in 
this patient’s stool on one occasion when one hundred were measured. 
•The most common had a diameter of 17‘8/x with 19*8^1 only one 
less, and the mean was 18*4//. 


Fig. 17. Showing size of E . colt cysts (100). Case IX. 



X. This patient unfortunately left hospital just after the first 
positive examination. Coli cysts were fairly numerous, one hundred 
being measured, but the noteworthy point is the tendency for 
the majority to be of 4 somewhat small size, as shown by the 
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accompanying curve, though the mean for the whole works out at 
l6’2ft It is a matter for regret that I was not able to follow up 
this patient and obtain further specimens 
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XI Cysts were never very numerous in this case and were 
present intermittently, at least were only discovered intermittentl> 
One hundred and ten cysts were measured, of which the curve is 
given (fig. 19) 


Tig 19 Showing size of £ colt cysts (110) Case XI 



XII Colt cysts weie found on nearly eveiy occasion m this case, 
but not in large numbers, sometimes a bare half-dozen or so after 
prolonged search, but on three occasions fifty were measured On 
the first and second of these the diameter of evst most frequently 
met with was 198/1, but on the third only 176/1 The number 
‘ investigated was not sufficient to enable one to say whether this was 
a mere accident or error in sampling, but the smaller size was 
encountered on the last occasion on which they were found prior to 
the patient’s departure from hospital. 

It is a matter of conjecture as to whether immature cysts were 
being expelled before their final disappearance, or whether, as a 
corollary of Dobell’s statement—that emetine-resistant histolytica 
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cysts, or cysts appearing after a course of emetine, are inclined to be 
larger than before—when the patient is getting the better of 
his infection, the cysts may diminish in size. One must not, of 
course, lose sight of the fact that histolytica infections are pathogenic 
whereas coli probably are not. It may also be remarked, however, 
that in this patient some of the largest met with in the investigation 
were encountered during the last three or four examinations; while the 
largest during the first ten days’ examinations was 244/1, towards 
the last eight days there were seen a few as large as 26 3/», 27*1/* 
and 28 3/1, but with only eight nuclei. Fig. 20 gives the curve for 
the total of one hundred and ninety-five cysts measured in this case. 


F10. 20. Showing size of E. coli cysts (195). Case XII. 



XIII. In the stools from this patient cysts were scarce, but were 
measured from time to time when seen, a total of one hundred and 
nineteen cysts being obtained. The curve from this case is given 
(fig. 21). The most frequent was ig' 6 /c, and the mean 201/1. 
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XIV. From this patient only sixty coli cysts were measured cm 
two occasions. The size most frequently met with had a diameter of 
i7’2/i, and the mean was i8 i/i. 

XV. Cysts were found but once only in this patient’s stools and 





*59 


fifty were measured; twenty of them had a diameter of 17*6/*, and 
the mean of the total worked out at 1773/*. 

In all, two thousand five hundred Entamoeba coli cysts have 
been measured, and the charts below show the various sizes met with. 
From these curves it will be noticed that instead of a unimodal curve 
with mode between 1 6fi and 17^, it is distinctly bimodal, with 
modes between 17/4 and 18 p and between 19 n and 20 p. 

Figs. 1, 6, and 20 show the unimodal type; fig. 2 shows in 
addition a smaller increase again between 19 fi and 20 p ; the 
majority of the rest show a bimodal graph, as stated above (figs. 5» 
11, 19, for example); when the tendency is to be unimodal the mode 
is between 19and 20/x (figs. 12, 16, 20); in figs. 8 and 13 the 
majorities are between 17/* and 18and 20 fx and 21^, while fig. 17 
is unimodal between 17// and 18/1; fig. 21 shows yet another form. 

No inference of value can be drawn from the individual curves 
of these cases, for the numbers in each are too small, but the graph 
of the whole two thousand five hundred (fig. 23) brings out the point 
clearly that, judging from the present findings, the graph of the 
sizes of Entamoeba coli cysts is also bimodal, both modes being at 
a higher level than has been recorded at home, namely 1 7n to 18^ 
and 19^ to 20 fiy instead of between \ 6 fi and 17/x. 


Fig. 22 . Showing size of £. coli cysts (2,500). 
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CESTODES FROM INDIAN POULTRY 


BY 

T. SOUTHWELL 

(Received for publication 3 June , 1921) 

With the exception of three species, all the Cestoda described below 
were collected by Lt.-Colonel Clayton Lane, I.M.S. (retired), from fowls, 
at Berhampore, Bengal, India, during 1912 and 1913. The worms were 
deposited by the writer in the Indian Museum and were sent for identi¬ 
fication to the School of Tropical Medicine by Dr. Nelson Annandale, 
Director of the Zoological Survey of India. 

The following is a complete list of Cestoda recorded up to the present 
in fowls from all parts of the world :— 

Metroliasthes lucida, Ransom, 1900 ? 

Hymenolepis carioca (Magalhaes, 1898), Ransom, 1902. 
Choanotaenia infundibulum (Bloch, 1779), Cohn, 1899. 
Bothriotaenia longicollis (Molin, 1858), Railliet, 1892 (recorded 
once only). 

j Cotugnia digonopora (Pasquale, 1890), Diamare, 1893. 
Dicranotaenia sphenoides (Railliet, 1892), Railliet, 1896. 

= Dicranotaenia cuneata (Linstow, 1872), Railliet, 1893. 
Drepanidotaenia infundibuliformis (Goeze, 1782), Railliet, 1893. 
Hymenolepis cantaniana (Pol., i860), Ransom, 1909. 

= Davainea oligophora f Magalhaes, 1898. 

Hymenolepis villosa (Bloch, 1782), Wolffh., 1899. 

Davainea cesticillus (Molin, 1858), R. Blanchard, 1891. 

„ cohni , Baczy, 1914. 

„ echinobothrida (M^gnin, 1880), R. Blanchard, 1891. 

„ exilis (Duj., 1845), R. Blanchard, 1899. 

„ longicollis (Molin, 1858), Fuhrmann, 1908. 

„ mutabilis , Reuther, 1901. 

„ paraechinobothrida , Magalhaes, 1898. 

= D. echinobothrida ? 
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Davainea penetrans, Baczy, 1914. 

„ proglottina (Davaine, i860), R. Blanchard, 1891. 

D . dubinis, Meggitt, 1916 ? 

„ proglottina dublanensis (Kowl., 1894), Fuhrmann, 1905. 
„ tetragona (Molin, 1858), R. Blanchard, 1891. 

„ urogalli (Modeer, 1790), R. Blanchard, 1891. 

„ varians , Sweet, 1910. 

„ vigintivasus , Skriab., 1914. 

„ volzi, Fuhrmann, 1905. 

Fimbriaria fasciolaris (Pallas, 1781), Wolffh., 1899. 

= F. malleus (Goeze, 1782), Froel., 1802. 

= F . mitra, Froel., 1802. 

Fiihrmann (1920) has recently split up the old genus Davainea 
(Blanchard) into four genera, viz. :— 

Davainea, Blanchard. Type D. proglottina, Davaine. 
Davainoides, Fuhrmann. Type D. vigintivasus, Sk., and D. 
polycalceola, Jan. 

HotUtuynia, Fuhrmann. Type D. struthionis (Houtt.). 
Raillietina, n.nom. 

The latter genus he splits up into four sub-genera, as under .— 
Paroniella, n.s.g. Type D. longispina. 

Ransomia, n.s.g. Type D. tetragona (Molin). 

Skrjabinia, n.s.g. Type D. cesticiUus (Molin). 

Johnstonia, n.s.g. Type D. echinobothrida (M<$g.). 

Fuhrmann removes his genus Ophryocotyloides from the sub-family 
Davaininae and places it in the sub-family Ophryocotylinae, Fuhrmann. 

Meggitt (1921), in his paper on tapeworms from the ostrich, gives a 
key to all the known species of Davainea . 

The collection dealt with in this paper comprises the following 
species:— 

Metroliasthes lucida , Ransom, 1900. 

Cotugnia digonopora (Pasquale, 1890), Diamare, 1893. 
Dicranotaenia sphenoides (Railliet, 1892), Railliet, 1896. 

Davainea cesticiUus (Molin, 1858), Blanchard, 1891. 

„ echinobothrida (M^gnin, 1880), Blanchard, 1891. 

„ tetragona (Molin, 1858), Blahchard, 1891. 

Monopylidium gaUinarum, n.sp. 

Diorchis, sp. (americana ? Ransom, 1909). 
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Metroliasthes lucida, Ransom, 1900 

Numerous specimens from a domestic fowl, Gallus gallus domesticus , 
Angul, Orissa, India: collected by the author in 1912. Numbered 

Z E V — * n the collections of the Indian Museum. 

7 

There appears to be some doubt whether this species has been 
previously obtained from fowls or not. 

Cotugnia digonopora (Pasquale, 1890), Diamare, 1893 

r. Four specimens from a domestic fowl, Berhampore, Bengal, 
collected by Lt.-Colonel Clayton Lane, I.M.S. 

2. Two specimens as above ; collected on 29.5.13. 

3. Three specimens as above, 1912. 

Dicranotaenia sphenoides (Railliet, 1892), Railliet, 1896 
= D. cuneata (von Linstow, 1872), Railliet, 1893 

Five specimens from a domestic fowl, Berhampore, Bengal, collected 
by Lt.-Colonel Clayton Lane, I.M.S., in November, 1912. 

Davainea cesticillns (Molin, 1858), R. Blanchard, 1891 

1. Five specimens from a domestic fowl, Berhampore, Bengal, 
collected by Lt.-Colonel Clayton Lane, I.M.S., 1912. 

2. One specimen from Gallus sonnerata (Zoological Gardens, Calcutta) 
collected by the author on March 3rd, 1917. 

Davainea echinobothrida (M< 5 gnin, 1880), R. Blanchard, 1891 

1. Three specimens from two domestic fowls, Berhampore, Bengal, 
collected by Lt.-Colonel Clayton Lane, I.M.S., 1912. 

2. Numerous specimens (about 50) from a jungle fowl {Gallus 
bankiva ), Berhampore, Bengal, collected by Lt.-Colonel Clayton Lane, 

6177 

I.M.S. Numbered Z.E.V. in the collections of the Indian Museum. 

7 

3. Three specimens from Gallus ferrigineus , Zoological Gardens, 
Calcutta, collected by the author on May 27th, 1915. 

Davainea tetragona (Molin, 1858), R. Blanchard, 1891 

1. A total of twenty-four specimens were collected from fowls on 
seven different occasions, in Berhampore, Bengal, by Lt.-Colonel Clayton 
Lane, I.M.S., in 1912. 

The two preceding species are very closely related and Stiles considers 
them to be identical. T. tetragona , however, does not, it is stated, produce 
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the pathological effects which result from the presence of T. echinobothrida , 
viz., nodular disease. 

Ransom, however, points out that D. echinobothrida is a larger form 
than D. tetragona, possessing a larger head and rostellum, and larger 
suckers, hooks, and cirrus pouch ; the hooks are also more numerous in 
D. echinobothrida than in D. tetragona . In mature forms these characters 
appear to us sufficient to distinguish between the species. 

Meggitt (1921) states that T. tetragona (Mol.) possesses 1 unilateral 
genital pores and D. echinobothrida (M^g.) alternating pores in the adult 
form and unilateral pores in the young. The two species are closely related 
and no classification can be regarded as satisfactory which separates 
them. A character upon which a classification may perhaps be finally 
based is the behaviour of the uterus and the origin of egg capsules.' 

Fiihrmann (1920) considers them distinct, his opinion being based 
on the pores being unilateral in one and irregularly alternate in the other. 
In this opinion we concur. 

The following worms have not hitherto been described from fowls :— 
Monopyhdium gallinarum, n.sp. 

Two specimens from a domestic fowl, Berhampore, Bengal, India, 
collected by Lt.-Colonel Clayton Lane, I.M.S., in 1912. 

External Anatomy. The worms measured about 21 mm. long, 
and the greatest breadth was 2*5 mm. All the segments were much broader 
than long, even the posterior ones being shallow. The number of segments 
was about 130. 

The head. The head is prominent and measures about 300/x, long 
and 500/4 broad; in both specimens the rostellum was retracted*and 
appeared as a small, bluntly-pointed projection, armed with about 120 
hooks, each measuring about 90/4, and arranged in 2 rows. The suckers 
are large, conspicuous, and unarmed. There is no neck. 

Internal Anatomy (fig. 1). The outer longitudinal muscular 
layer consists of a large number of separate dorsal and ventral strands. 
The lateral water vessels are large and clearly seen, both in the entire 
worm and in sections. 

Genitalia. As only two worms were available, it was found impossible 
to do tnore than work out the gross details of the anatomy. 

Male genitalia. There are about 30 globular testes, each measuring 
about 35 fj, and these lie for the most part on each side of the ovary, 
although a few lie in front of it. 



Vos deferens. The cirrus pouch is large and muscular, and the genital 
atrium runs anteriorly. 

Female genitalia. The ovary is situated in the middle of the segment, 
slightly posterior, and median to, the receptaculum seminis. It measures 
about 225/4 broad and 60/4 long. 


Ml 

Fig. 1 . Monopylidium gaUinarum, n.sp., horiiontal section. Ant., anterior 5 e.x., excretory 
vessel ; 0., ovary ; Pst posterior j r.s., receptaculum seminis; t ., testes; vagina, x 50. 

Vagina. The receptaculum seminis measures about 45/4 by 15/4, and 
lies on the pore side of the ovary. 

The genital pores are unilateral and occur at the extreme anterior 
corner of the segment. The eggs lie in capsules, each capsule containing 
from five to nine. The outer egg-envelope measures about 35/4 and the 
oncospheres about 25/4. 

Diagnosis. The number and size of the hooks, the position of the 
genital pore, the fact that all the segments are much broader than long, 
and the occurrence of numerous eggs in each capsule, differentiate this 
worm from any other species of the genus Monopylidium. 

Johnston (1911) discusses the relationship between the genera 
Monopylidium and Choanotaenia. 

We consider our species to be new and have therefore named it 
M. gallinanm. 

Diorchis sp. (americana ? Ransom, 1909) 

Several specimens from a hen, Calcutta, Bengal, India, collected by 
the author in 1915. 

The only points in which our specimens differed from D. americana , 
Ransom, were as follows :— 



Length 

Breadth 

1 

1 

Rostellar 

1 hooks 

Hooks on 
suckers 

Our specimen!. 

16 mm. 

0*4 mm. ( 

absent 

absent 

1 

D, americana . 

20-25 mm. 

o*6 mm. 

Ten present 

1 

1 present 
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Two heads only were found amongst our specimens, and in both 
cases the rostellar hooks were absent, although fragments were to be seen. 
In spite of careful examination, no hooks were seen on the suckers; 
possibly they had worn off. 

The uterus contained many eggs, but the oncospheres were not fully 
formed. The outer egg-envelope measured about 25 ft and the embryo 16/&. 

No representative of this genus has previously been recorded from 
fowls, although they occur occasionally in ducks, coots, sandpipers, 
flamingoes, etc. 

The opportunity is here taken of recording the following Echinorhyn- 
chid , also obtained from an Indian Jungle fowl:— 

Heteroplus grandis (Van Cleave, 1916), *Van Cleave, 1918 
= Mediorhynchus grandis , Van Cleave, 1916 

Two females only from the intestine of Gallus sonnerati (South Indian 
Jungle fowl), Zoological Gardens, Calcutta, collected by the author on 
April 17th, 1917. 

The type species was described from Quiscalus quiscula (the purple 
grackle) and has since been recorded by the same writer from Sturnella 
magna (the meadow lark) and Corvus brachyrhynchus (the crow). 

Our specimens agree in detail with Van Cleave's account of this species 
except in size. The females described by Van Cleave measured 27 mm. 
to 35 mm. long, and the greatest breadth was 1-4 mm. Both our specimens 
measure 80 mm. long, and have a maximum breadth of 3*5 mm. 
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CESTODES FROM AFRICAN RATS 

BY 

T. SOUTHWELL 
[Received for publication 3 June , 1921) 

1. Davainea celebensis, Janicki, 1902 

Four specimens and some fragments were collected from % a rat, 
Mus rattus , by Dr. J. W. S. Macfie, at Accra, March 26th, 1921. 

This species was first obtained from Mus meyeri in the Celebes, and 
Janicki, in his account of its anatomy, says nothing about the head. We 
therefore give the following description :— 

The head measures about 150//, long and 650//, broad. The suckers 
are about 170 ft in diameter and are unarmed. The rostellum is small, 
measuring about jQfi in diameter, and is armed with a single low of 
60 hammer-shaped hooks measuring about 1 2/1. 

The neck is about 3 mm. long. 

Fiihrinann has recently split up the genus Davainea into four genera, 
one of which (i.e., Raillietina, nom.nov.) he has further divided into four 
sub-genera. Of these sub-genera, our species falls under Ransomia, and 
the worm is accordingly named Ransomia celebensis (Janicki). 

2. Zschokkeella guineensis (Graham), 1909 
^Thysanosoma gambianum , Beddard, iqii 
— Thysanotaenia gambiana, Beddaid, 1911 
=Zschokkeella gambiana, Beddard, 1912. 

Graham, in the ‘ Report on Plague in the Gold Coast in 1908/ was 
apparently the first to refer to this species ; he named it Davainea 
(1 Guineensis , sp.nov.) [sic]. 

Beddard, describing in 1911 the same worm from the same host, and 
also from the same area, was apparently unaware of Graham's paper and 
gave it the name Thysanosoma gambiana ; later in the year he changed 
the name to Thysanotaenia gambiana , and in 1912 to Zschokkeella gambiana. 
According to the rules of nomenclature this worm now becomes Zschokkeella 
guineensis (Graham), Beddard, 1912. 



In our collection we have about 600 specimens from the following 
sources:— 

(1) From pouched rat, Cricetomys gatnbianus , Accra, December, 1914, 
and February, 1915. Collected by Dr. J. W. S. Macfie. 

(2) From Mus rattus and Mus decumanus , Accra. No date. Col 
lected by Dr. J. W. S. Macfie. 
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A NEW SPECIES OF CESTODA FROM 
A CORMORANT 


BY 

T. SOUTHWELL 
{Received for publication 3 June , 1921) 

Dilepis kempi , n.sp. 

Four specimens from the little cormorant, Phalacrocorax pygmaeus 
(= P.javanicus), North Lohtak Lake, Manipur, Assam, 14.2.20. Station I, 
Manipur Survey. Collected by Dr. S. W. Kemp, Zoological Survey of 
India. 

External Anatomy. The largest worm measures 5 cms. long, and 
the greatest breadth is about 1 mm. It contains over 500 segments, 
all of which are broader than long ; the posterior segments measure about 
900 ft broad and 400/4 long. 

The genital pores are unilateral and situated in the anterior half of 
the segment. 

Head . The head is about 220/4 long and 400/4 broad. The rostellum 
is about 170 fi long and about 160/4 broad ; it is armed with twenty hooks 
arranged in two rows. The posterior row of hooks curve backwards 
strongly and measure about 135/4; the anterior row are not so strongly 
curved and measure about 175/4. The diameter of the suckers is about 

IOO/ 4 . 

Neck . There is no neck. 

Internal Anatomy. Male genitalia . There are three testes situated 
in the median field. They measure about 140/4 by 70/4, their long diameter 
being dorso-ventral. The vas deferens arises somewhat ventral and, 
curving dorsally, runs in a lateral direction, dorsal to the water vesseland 
ventral to the vagina, to the pore (figs. 1 and 2). The cirrus pouch is 
small and insignificant. 
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Female genitalia. The ovary is situated in the median anterior field. 
It consists of two irregularly-shaped wings, each measuring about 160/t 
broad. 



Fig. l. Dilepts kempi, n.sp., transverse section, ex.d excretory vessel, dorsal; ex., excretory 
vessel, ventral ; /.*»., longitudinal muscles ; 0., ovary ; r.s., receptaculum seminis ; I., testes ; t.tn., 
transverse muscles ; v., vagina ; v.d ., vas deferens ; v.g vitelline glandB. x 100. 

The vagina is conspicuous; running dorsal to the vas deferens and 
water vessel. It opens in front of the vas deferens. It dilates a little into 
a seminal receptacle (figs, i and 2), close to the ovary. 

The vitelline gland measures about 70/4 by 50 fi and lies posteriorly 
between the two wings of the ovary (figs. 1 and 2). 



Fig. 2. Dilepts kempt, n.sp., horizontal section. Ant., anterior 5 e.x ., excretory vessel; 

ovaryj pst posterior; r.j., receptaculum seminis; testes; v., vagina; v.g., vitelline gland, x 140. 

Uterus . This is a large sac-like organ with very large and numerous 
outpocketings, extending lateral to the water vessels on both sides. No 
ripe eggs were seen. 
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Diagnosis. This species is distinguished from all other species of 
DUepis on account of the large size of the rostellar hooks and the occurrence 
of three testes only. The presence of a double row of hooks shows that 
the species does not belong to the genus Hymenolepis. 

We have named this species in honour of Dr. S. W. Kemp, Superinten¬ 
dent of the Zoological Survey of India, who collected the specimens. 
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A CASE OF SUSPECTED LEPROSY 

BY 

J. W. W. STEPHENS 

AND 

S. ADLER 

[Received for publication 22 June t 1921) 

Plate XVI 

X.Y., age 16. Born in England, 1904. Has resided in Capetown, 
S. Africa, from 1905 until September, 1920. 

History of lUness :— 

April, 1920. Wasting noticed on dorsal side of left hand between 
1st and 2nd metacarpals, and a stinging sensation in the little 
finger. 

June, 1920. Three spots noticed on left side of face and brownish 
patches on both eyebrows. Later brownish patches noticed on 
left forearm and hand, and on both lower limbs. 

August, 1920. Noticed deformity and impairment of movement in 
left hand. 

Examination of the patient :— 

1. A number of dry, scaly, brownish, thickened areas in part cir¬ 
cumscribed up to three-eights of an inch in diameter, in part somewhat 
diffuse. None of these areas was anaesthetic except for those involved 
in the areas of anaesthesia, to be described later. The distribution of 
these is shown approximately in figs. 1 and 2. 

2. A condition of claw hand (left). The actual condition can be 
appreciated from the photographs (Plate XVI). 

3. Thickening of the left ulnar nerve which in the ulnar groove 
was about three times as thick as on the right side. The left internal 
cutaneous nerve was palpable and about a quarter of an inch thick. 

4. The left forearm and hand were anaesthetic over an area shown 
approximately in figs. 1 and 2. 

5. The left hand was colder to the touch than the right. 
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From 30.12.20 to 14.4.21 during his stay in the ward there was no 
rise of temperature. 

27.1.21. The Wasserman reaction was completely negative. 

On 7.2.21 and 21.2.21 the patient burned his left hand on the hot 
water-pipes of the ward without being aware of it. 

Examination for Leprosy Bacilli :— 

1. One of the affected areas on the left forearm was excised at the 
London School of Tropical Medicine, November, 1920, and examined by 
Dr. Low for leprosy bacilli with negative result. 

2. Numerous scrapings and punctures of the various skin lesions, 
e.g., on the eyebrows, face, and of the nasal mucosa, were negative. 

3. 2 c.c. of blood from a vein were haemolysed and centrifuged; 
the deposit was examined for leprosy bacilli with negative result. 

4. A piece of the internal cutaneous nerve was excised, and sections 
and smears were stained for leprosy bacilli with negative result. 

The excised nerve was examined for us histologically by Professor E. 
Glynn, who reported that 4 there are three caseous areas apparently 
corresponding to large nerve bundles, surrounded by fibrous tissue in 
process of formation. No nerve fibres were seen. The appearance is 
quite consistent with fibro-caseous leprosy.' 

On re-examination of the patient on 14.6.21 the only change noticed 
was a disappearance of affected areas on the dorsum of the hand and a 
diminution in extent of some of the areas on the face. 

In view of the fact that no evidence of the presence of leprosy bacilli 
was obtained no treatment was adopted. 
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EXPLANATION OF PLATE XVI 

Fig. i. Ventral aspect of right and left hands. The left hand shows 
(a) its smaller size; (b) ill-defined cutaneous furrows; 

(c) wasting of the thenar and hypothenar eminences—flatness 
of the hand ; (i) flexion of the interphalangeal joints of the 
2nd, 3rd, 4th, and 5th fingers; {e) indication of the thickened 
rough skin areas at the base of 3rd, 4th, and 5th fingers; 
(f) the scar of a burn at the base of the hand on the ulnar 
side. 

Lateral view of the right and left hands. The left hands shows 
(a) wasting in the interspace between the 1st and 2nd meta¬ 
carpal bones; (b) extension of the metacarpo-phalangeal 
joints and flexion at the interphalangeal joints; (c) wasting 
of the forearm. 


Fig. 2. 
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OBSERVATIONS ON THE 
CERATOPOGONINE MIDGES OF THE 
GOLD COAST WITH DESCRIPTIONS OF 
NEW SPECIES 

PART IV 

BY 

HENRY F. CARTER 
A. INGRAM 

AND 

J. W. S. MACFIE 
(Received tor publication 7 April, 1921 ) 

Genus DASYHELEA, Kieff. 

Ceratopogon , Wtz. {pro parte) {nec. Mg. Edws.). Ltnnea Fntomologu ae. Vol. VI, 
1852. 

Culicoides , Kieff. et auct. {pro parte) {nec. Latr.). 

Dasyhelea , Kieff. Bull . Soc. Hut . Nat. Med . Vol. Ill, 1911. 

Prokempia , Kieff. /nd. Mus. Vol. IX, 1913. 

Pseudotulicoides , Mall. III. Sta . Z,a£. iVtf/. //wf. Vol. X, 1915. 

Das\helta y Brunetti. Ito. Ind . il/i/j. Vol. XVII, 1920. 

This genus is closely related to Culicoides, Latr. It was erected 
by Kieffer in 1911 for the Indian species D halophila , and 
subsequently ( 1913 ) divided by him into throe sub-genera— 
Dasyhelea (sens, stric ), Prokempia and Kempia —according to the 
nature of the wing hairs and the empodium. Later ( 1917 ) the last 
two sub-genera were given generic rank by this author, who then 
associated Prokempia with Dasyhelea but removed Kentfia to the 
Atnchopogon group. Still later ( 1919 ) Kieffer again placed 
Prokempia as a sub-genus of Dasyhelea Prokempia apparently 
differs from Dasyhelea only m the absence or relative scarcity of the 
longer wing-hairs, and was separated for this reason; but although 
the density of arrangement of these hairs is much more uniform in 
Dasyhelea than in Culicoides , this character cannot, in our opinion, 
be considered of more than specific value. 
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Malloch, in 1915, founded the genus Pseudoculicoides for 
Ceratopogon mutabilis, Coq., especially distinguishing it from 
Culicoides by the absence of thoracic cavities and the antennal 
structure of the male. The description and figures of this species 
given by Malloch indicate that it is a typical Dasyhelea, and Kieffer 
(1919) accordingly placed Pseudoculicoides as a synonym of the 
latter. Malloch, however, made no reference to the eyes—the 
hairiness of which was given by Kieffer as one of the diagnostic 
characters of the genus—either in his generic definition or specific 
description; but Mr. F. W. Edwards, in a private communication, 
informs us that the eyes of specimens (named by Malloch) of 
C. mutabilis in the British Museum collection are shortly but 
distinctly hairy, and therefore Kieffer’s decision in regard to this 
question must be accepted. 

External Morphologt. 

The detailed anatomy of Dasyhelea differs from that of 
Culicoides (see Part II of this study, 1920) as follows: — 

Adults. Head. Eyes in both sexes densely clothed with 
microscopic hairs. 

Mouth-parts (fig. 1). Proboscis somewhat shorter than that 
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Fig. 1 . Mouth parti of D. paUidibalur ($) i a —labrum j b —maxilla; 
c —mandible; d —hypopharynx. ( X 490 circa.) 


of Culicoides, the component organs, except the labium, differently 
formed and apparently not adapted for piercing in either sex. The 
labrum is strongly chitinised, broad at the base gradually tapering 
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to a rounded^ hairy apex. The hypopharynx is similar in shape lo 
the labrum, but tapers more rapidly and ends in a pointed apex; 
the distal fourth be&rs numerous hair-like marginal processes. The 
mandibles and maxillae are poorly developed and devoid of teeth; 
the former are closely applied to (and not easily separated from) the 
labrum and hypopharynx, and are enclosed in membranous sheaths 
which extend considerably beyond their extremities; the maxillae are 
rudimentary and are reduced to small, thinly chitinised, blade-like 
structures. The palpi in both sexes appear to be composed of four 
segments owing to the first being very rudimentary and often almost 
indistinguishable; the third segment is usually distinctly longer than 
the fouith or fifth and is scarcely swollen, with the minute sensory 
hairs scattered over the inner surface from the base almost to the 
apex—not concentrated in a relatively deep and sharply defined 
depression. 

The above description of the mouth-parts is based upon 
dissections of two of the new species (. D . pallidihalter and D. flavd) 
described herein, and of the European* D. obscura , Wtz. The 
structure of the various organs is apparently the same in males and 
females, and, in our opinion, is such that these midges would be 
incapable of piercing the skin. Malloch (1915), however, states that 
D. (Pseudoculicoides) griseus t Coq., 'was taken biting, on the bank 
of Sangamon River/ and that D. cinctus, Coq., has been 'recorded 
as biting human beings/ In Accra, specimens of Dasyhelea spp, 
occasionally alighted on the arm, but, so far as observed, they made 
no attempt to bite; possibly, therefore, the statement regarding 
D. gnseus may have been due to a similar occurrence, and may 
subsequently require modification. At least, until the feeding habits 
of the midges of this genus have*been carefully studied, the above 
statement must be regarded with reserve. 

Antennae : segments of the flagellum in the female shorter and 
broader than in Culicoides> gradually lengthening towards the apex, 
but with the apical ones not distinctly “differentiated from the basal; 
last four segments (twelve to fifteen) in the male, elongate, the 
twelfth to fourteenth inclusive cylindrical, binodose,* the whorls of 


• The apical node 11 usually leaf well-developed than the baial node, and the hairs are 
shorter and more liender; but there is distinct variation in this respect, and in D.fiava , sp. n. 
(see p. 196), the apical whorl is obsolete. 


hairs arising from nodal rings situated on'the basal and apical thirds 
of each segment. In both sexes, but more conspicuously in the 
males, the segments of the flagellum exhibit a tesselated or 
sculptured appearance, due to the presence of small chitinous plates, 
from the upper portion of each of which a hair arises; on the basal 
segments (four to eleven) in both sexes this sculpturing appears to 
be limited to the proximal portions (i.e., the area below the whorls) 
of each, where the plates are sharply defined and radially arranged; 
on the distal segments the plates are arranged as shown in fig. 2. 



Fig. 2. Terminal tegmenti of antennae of a — D. fusetformts ($) and 
b—D. ittcottspicuosa ($). (X 475 circa.) 

Thorax without anterior or posterior pits or depressions; 
scutellum with a varying number of strong marginal or sub-marginal 
bristles and usually a few (one to six) short hairs. 

Wings hyaline, unspotted; the venation very similar to that of 
Culicoides, but with the first and third veins less distinctly 
separated, so that normally only one interspace can be distinguished; 
in some species these veins appear to be completely fused. 

Legs. Tibiae without apical spurs, but the fore and hind pairs 
with oblique or transverse rows of bristles distally; first tarsal 



segments of all kgs sub-equal, those of the middle legs not 
appreciably elongated. Claws small, equal, simple in the female, 
divided at the tips in the male; in both sexes the inner margin may 
* be somewhat prominent, tooth-like, at the base, and agulate near 
the middle. 

Abdomen . Dorsum covered with minute flattened spines; 
segments one to seven each with two small, clear, thinly chitinised, 
rounded areas. Spermatheca (fig. 9, b-f) single, heavily or 
moderately chitinised, usually sub-spherical, the commencement of 
the duct sometimes chitinised for a considerable distance. 

External genitalia of the male* Ninth segment: tergite, apical 
lobe-like processes well developed, often projecting posteriorly 
beyond the tergite and sometimes bearing a median dorsal 
triangular chitinised plate; sternitd not excavated, sometimes 
produced posteriorly in the middle line (c.f. figs. 10, 11). Forceps : 
side-pieces similar to those of Culicoides ; claspers simple or divided, 
if the latter the branches variously formed, dissimilar. Harpes with 
the proximal portions greatly developed, highly chitinised, and in 
some species connected medially to form an uninterrupted, or almost 
uninterrupted, transverse bar. The distal portions show varying 
degrees of development and chitinisation, and in all the species, 
except one, examined by us, the distal portion—bent sharply and 
directed posteriorly—of only one harpe is developed, thus causing 
asymmetry; in the exception referred to ( D . similis , sp. n.) the 
distal portions of both harpes appear to be developed, but are fused 
in the middle line forming a conspicuous median structure. 
Aedoeagus strongly chitinised, usually broad but of variable form. 


* In regard to the nomenclature of the hypopygial structure* adopted in this and previous 
studies, Parts II and III (1920-1921), on the Ceratopogonine midges of the Gold Coa6t, 
Mr. F. W. Edwards writes us as follows:—* I now think that your harpes are the same structures 
which de Meijere has called gonapophyses in the Limnobiidae, and I was probably right in 
homologising them with the parameres of Culicidae. There is one difference,, at first sight 
fundamental, in that in Culicoides and Limnobiidae (c.g., Eriocera) the structures are dorsal 
to the aedoeagus, adjoining the tenth stemite (which I consider to be represented by your 
spicular strip of membrane), whereas in the mosquitoes they are morphologically ventral to 
the aedoeagus. However, it would seem likely that this is connected with the atrophy of the 
anal chitinisations in Culicoides and the Limnobiidae, the parameres moving dorsally and 
fusing in the mid-dorsal line in order to replace, in function, the tenth sternite. In other 
insects the parameres are said to be normally lateral in position, so that it is easy to understand 
that they might pass either dorsally or ventrally. In any case the important idea to lay hold 
of is thatjthe parameres form with the basal plate the first (morphologically innermost) ring 
of the genital tube, the second ring being the mesosome which is more or less invaginated into 
the first. In Culicoides I believe the structure you call the aedoeagus is really the basal plate 
only, and that there is no mesosome. Properly speaking the term aedoeagus should include 
in this case also the ** harpes.” The two small chitinous appendages of the ninth tergite, 
of course, represent the tenth tergite.* 




Pupa. The pupae of Dasykelea much resemble those of 
Culicoides, the chief point of difference being in the reduction of the 
first and elongation of the second abdominal segments, the shape 
and structure of the respiratory trumpets and the arrangement of 
tubercles on the body. 

The structure of the trumpets, as shown in the species examined 
by us, is of especial interest since forms occur which represent 
transitional stages between the simple type, as exemplified by 
Culicoides, and the complex type as found in at least some species 
of Forcipomyia (e.g., F. ingrami, Cart., 1919). Such forms are 
shown m fig. 3, b-d ; the last type figured evidently represents 



Fig. 3. Pupal trumpets of b — D. fiaviformis ; c — D. ingrojusca ; 
d — D.fusca. (b—c x 360 circa ; i X 210.) 


a stage in development immediately preceding that occurring in 
Forcipomyia, for by a simple folding back of the distal leaf-like 
portion an organ very similar in structure to the trumpet of 
F. ingrami could be produced. 
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The chief differences in the arrangement of the body tubercles 
is as follows:— Cephalothorax: anterior dorsal tubercles absent, 
anterior dorso-median tubercles present (as in Stilobezzia), dorsal, 
postero-dorsal, and ventro-median tubercles absent but sometitnes 
represented by minute hairs; the dorsal surface of the thoracic 
portion is thus entirely devoid of distinct tubercles, but is, on the 
other hand, usually pigmented or striated in circumscribed areas. 
Abdomen : tubercles flattened and flange-like, the dorsal antero- 
submarginal tubercles small or rudimentary, one only on each side; 
the postero-marginal tubercles are situated, as in Stilobezzia, near 
the middle transverse line of each segment, around which they form 
an almost continuous (interrupted in the middle line of the dorsal 
and ventral surfaces) band; on segments three to seven they are nine 
in number, of which the three central ones (ventro-lateral tubercles) 
are the most highly developed. In some species small, rounded, 
pigmented areas, arranged in the form of a triangle, are present on 
both dorsal and ventral surfaces. 

The terminal processes are broad and flattened, and are directed 
dorsally and laterally; at the base of each are two prominent 
tubercles bearing hairs and spines. 

LARVA. The mature larva differs from that of Culicoides 
chiefly in regard to the size and shape of the head, the position of 
the eyes and in the possession of a small hooked pseudopod at the 
posterior extremity of the body (fig. 9, g). 

The head is distinctly larger (almost twice as large as in 
Culicoides ) and tapers more strongly towards the apex, being 
obovate rather than sub-conical; it bears minute hairs only. The 
eyes are reniform and are situated far forwards, near the anterior 
third. The mouth-parts are similar in structure to those of 
Culicoides , but, in the three West African species observed, appear 
to be rather more highly developed in so far as the hypopharynx is 
larger and more complex, the mandibles are tridentate and the 
labium is more highly chitinised and more strongly serrated. The 
body is elongate and scantily clothed with very minute hairs; the 
anal pseudopod is retractile, small and membranous, and bears two 
dorsal and two ventral groups of small but strongly chitinised, 
recurved hooks which are directed anteriorly. The anal papillae 
are short, bifid, with slightly blunted extremities. 
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Specific Descriptions . 


Dasyhelea 

pallidihalter , sp, 

n. 


Measurements. 


Female. 

Male. 

Length of body* . 

000 • ♦ • # • • 

i*3 mm. 

i*3 mm. 

Length'of wing . 

... 

o*8 mm. 

o*8 mm. 

Greatest breadth of wing ... 

. 

o*3 mm. 

0*3 mm. 


Head dark brown, clothed with dark hairs. Eyes narrowly 
separate in both sexes. Proboscis and palpi brown, the latter with 
the third segment uniformly and slightly swollen and almost twice 
as long as the fifth; the second, fourth and fifth short, sub-equal. 
Antennae dark brown with dark brown hairs; in the female the 
segments of the flagellum are sub-spherical at the base, gradually 
lengthening, becoming oVal, towards the apex, the fourth to eleventh 
each bearing a pair of large, strong, bluntly rounded spines; in the 
male, segments four to eleven are sub-spherical to ovoid in shape, 
the length from two-thirds to one and one-third times the greatest 
breadth, segments twelve to fifteen are elongate, about three times as 
long as wide, the last broader and pointed distally, the twelfth to 
fourteenth sub-cylindrical, each distinctly binodose. Thorax dark 
brown with small yellowish-brown areas in the humeral angles and 
over the roots of the wings. Scutellum dark brown, becoming 
brownish-yellow centrally, bearing four centro-marginal and two 
lateral bristles, and a median transverse row of about six short hairs. 
Post-scutellum and pleurae dark brown. Wings in the female well 
clothed with decumbent hairs which extend almost to the base 
between the fourth and fifth veins and are numerous in the anal 
angle and fork of ’the fifth vein. Costa and first and third 
longitudinal veins not extending to the middle of the anterior 
border, terminating above or slightly beyond the bifurcation of the 
fifth vein and enclosing a small but distinct cell or interspace; in the 
male less hairy (no hairs at the base of the wing, and very few, if 
any, in the anal angle or fork of the fifth vein\ the costa terminating 
slightly before the bifurcation of the fifth vein. Halteres white, or 
almost white. Legs uniformly dark brown. Claws in both sexes 
with the inner margin at the base somewhat produced, and near 
the middle with a small, angulate prominence. Abdomen : dorsum 

* In all cases taken from the anterior margin of the thorax to the tip of the abdomen of 
specimens mounted in carbolic. 



dark brown, sparsely clothed witfi dark brown hairp, venter rather 
paler biown. Spermatheca highly chitinised, spherical (diameter 
50 n) with a conical posterior extension (length about 20 ft) leading 
to the duel. 

Hypopygium (fig. 4). Ninth segAient : tergite short and broad, 
relatively strongly chitinised and sparsely clothed with moderately 
long, strong hairs, posterior margin straight, produced on each side 
into a small, rounded, hairy knob, apical lobe-like processes well 
developed, often extending as a centrally indented membrane 
considerably beyond the extremity of the tergite; sternite broad, 



Fig. 4. D. palltdibaltcr , sp.n., male hypopygium (ventral view). X 400 circa. 

produced centrally and posteriorly into a relatively large, more or 
less oval, lobe-like process. Forceps : side-pieces well chitinised and 
with long hairs, as in Cuhcoides ; claspers long and slender, ratter 
strongly chitinised, the basal half pubescent with a few strong hairs, 
the apex pointed, slightly depressed, bearing two or three short, 
delicate hairs. Harpes as shown m fig. 4, the proximal portions 
very strongly chitinised, the distal portion—only that of the left* 
harpe is developed—very feebly chitinised, narrow and bent almost 
at a right angle to the proximal portion. Aedoeagus somewhat 
V-shaped, relatively short, the lateral arms with outwardly directed, 

• In this and all subsequent species in which the harpes are not symmetrically developed, 
the side of the insect from which the distal portion arises is stated. The figures of the 
hypopygium, however, show the ventral aspect and therefore in them the right side of the insect 
lies to the left of the reader. 
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pointed, beak-like, distal processes and connected anteriorly by a 
slightly curved, centrally thickened chitinous bar. 

Pupa. Length vg mm. Integument pale brownish-yellow, not 
infuscated in any part or heavily shagreened except on the operculum 
and on the posterior abdominal segments. Respiratory trumpets 
narrow and strongly curved, almost semi-circular; length about 
0*3 mm. The trumpets are obliquely and irregularly ringed, the 
tracheal trunk in each gives off a number of short lateral branches, 
which lead to small elevations on the surface, and terminates distally 
m five or six short, blunt processes. Cephalothorax : dorsum of 
thoracic portion not pigmented, smooth except on anterior border, 
and with a few puckered or striated areas. Anterior marginal tubercle 
large, shagreened, bearing a short bristle; dorso-lateral tubercle 
rounded, smooth, bearing two or three small hairs, anterior dorso- 
median tubercle small, bearing a short hair; ventro-lateral tubercle 
moderately large, rounded, bearing a short spine and a short hair; 
vcntro-median tubercle represented by two minute hairs. Between 
the anterior marginal tubercles are two (one dorsal and one ventral) 
rounded, unarmed median humps. Dorsal tubercles absent, but 
anteriorly represented by one or two minute hairs. Abdomen : 
integument reticulated and slightly shagreened at the sides and base 
of each segment, more heavily shagreened on the distal segments, 
the last entirely shagreened. Tubercles arranged as mentioned on 
page 183, the antero-submarginal tubercle small armed with a 
short spine, the dorsal and ventral postero-marginal tubercles 
apparently unarmed, low, broad and flange-like, the ventro-lateral 
postero-marginal tubercles larger and conical, the middle bearing a 
short hair, the others a short spine. Terminal processes broad and 
flattened, directed dorsally and laterally, each with two posterior 
tubercles, bearing respectively a hair and a spine. 

Larva. Length about 3 mm. Head obovate, convex dorsally, 
flattened ventrally; length 0*2 mm., greatest breadth 012 mm. 
Hairs scanty, minute. Mental plate crescentic, moderately 
chitinised, apparently bearing nine teeth on each side, the last large 
and broadly rounded, the others small, narrowly rounded and closely 
apposed. Mandibles large, highly chitinised, the distal portion 
bearing three large teeth on the inner side. Hypopharyngeal 
sclerite very highly chitinised posteriorly, the posterior portion 
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armed with three rows of teeth and with a delicate, serrated, fringe¬ 
like expansion on each side. Body scantily clothed with minute 
hairs, the last segment with apparently eight pairs of very small 
hairs near the extremity. Posterior pseudopod (fig. 9, g) small, the 
dorsal groups each consisting of two hooks, the ventral groups each 
of four hooks. 

HABITAT : Nsawam, Gold Coast. Reared from rotting material 
collected from the base of a banana plant; March to May, 1920. 


Dasyhelea ]usciscutellata> 

sp. n. 


Measurements. 

Female. 

Male. 

Length of body (two specimens). 

,. i*o mm. 

i*i mm. 

Length of wing . 

.. o*8 mm. 

o*8 mm. 

Greatest breadth of wing.. 

.. 0*3 mm. 

0*3 mm. 


Head daik brown with almost black hairs. Eyes narrowly 
separate in the female, very narrowly separate in the male. Clypeus, 
proboscis and palpi brown; third segment of the latter cylindrical, 
slightly and uniformly swollen, about as long as the fourth and fifth 
segments together. Antennae brown with black hairs and, except 
on the last five segments, long spines; in the female the segments 
ovoid and sub-equal in size gradually elongating towards the apex, 
but the thirteenth and fourteenth segments slightly longer than the 
eleventh and twelfth, last segment the longest, not produced distally 
into a stylet, in the male, segments four to eleven spheroidal, 
gradually becoming narrower and more elongate apically, the last 
four segments longer, the twelfth and thirteenth sub-equal in length, 
each slightly longer than the fourteenth, the last segment about as 
long as the penultimate and without a terminal stylet, segments 
twelve to fourteen distinctly binodose. Thorax dark brown with 
black hairs, the anterior lateral angles sometimes of a pale brown 
colour. Scutellum dark brown with four centro-marginal bristles, 
two lateral bristles, and two small hairs. Postscutellum and pleurae 
dark brown. Wings sparsely clothed with decumbent hairs which 
extend basally between the fourth and fifth veins beyond the anterior 
cross vein. In the female the costa terminates near the middle of 
the anteiior border but extends well beyond the bifurcation of the 
fifth vein, and the first and third veins form distally a somewhat 
indefinite cell; in the male, the costa ends before the bifurcation of 
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the fifth-vein and the first and third longitudinal veins form a 
distinct cell. Halteres with tawny-yellow knobs and dark brown 
stems. Legs brown, uniformly coloured; claws with a basal hairy 
extension, of the female simple, each with a slight sub-central 
projection, of the male bifid distally, each with a distinct sub-central 
projection. Abdomen dark brown with black hairs. Spermatheca 
(fig- 9> f) heavily chitinised, somewhat reniform, the anterior portion 
ovoid (length 46/1, breadth 49/O, the posterior portion (length 18 fi) 
narrower and sharply curved. 

Hypopygium (fig. 5). Ninth segment : tergite broad, slightly 
tapering posteriorly and bearing a few moderately long hairs 
dorsally, posterior margin without a central notch and with the 
lateral finger-like processes small, apical lobe-like processes well 



Fig. 5. D. fusciscutellatd) sp.n., male hypopygium (ventral view). X 400 ciica. 

developed and with a median triangular dorsal chitinised plate 
between them; sternite with a somewhat rectangular median 
posterior projection. Forceps : side-pieces strongly chitinised, with 
long hairs; claspers well chitinised, the basal halves pubescent and 
bearing one or two relatively stout hairs, the distal extremities 
slightly depressed. Harpes : basal portions strongly chitinised, 
broad laterally, narrowing towards the middle line; from the left 
basal portion a feebly chitinised, slightly curved, pointed, blade-like 
process projects posteriorly as far as the middle of the side-pieces. 
Aedoeagus : median transverse basal portion not very broad, heavily 
chitinised and slightly twisted and bevelled laterally, lateral portion 
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strongly chitinised, the distal extremities hook-like and directed 
dorsally. 

HABITAT : Nsawam, Gold Coast. Reared from materials collected 
from the bases of banana plants, March, 1920. 

Dasyhelea similis , sp. n. 

Measurements. Female. Male. 

Length of body . i*i mm. i*omm. 

Length of wing .07 mm. 07 mm. 

Greatest breadth of wing.0*3 mm. 0*2 mm. 

Head dark brown with dark brown hairs. Eyes narrowly 
separate in both sexes. Clypeus, proboscis and palpi brown, the 
third palpal segment slightly but distinctly swollen at the base and^ 
attenuated distally, in the female about as long as the fourth and 
fifth segments together, in the male relatively shorter, about as long 
as the fifth. Antennae brown with brownish-black hairs and, except 
on the last five segments, long, clear spines; in the female the 
segments, with the exception of the last, which is the longest but 
carries no stylet, are all sub-equal in size and ovoid in shape, anyone 
of the apical segments (twelve to fourteen) being, if anything, 
slightly shorter than any one of the five (seven to eleven) preceding; 
in the male, segments four to eleven spheroidal gradually becoming 
narrower and longer towards the apex, the last four segments 
elongate, twelfth and thirteenth sub-equal, longer than the others, 
twelfth to fourteenth distinctly binodose. Thorax' dark brown, the 
anterior lateral angles sometimes paler brown. Scutellum dark 
brown with four* centro-marginal and two lateral bristles, and two 
or more small hairs. Post-scutellum and pleurae dark brown. 
Wings sparsely clothed with decumbent hairs which scarcely extend 
basally beyond the cross-vein; in the male the costa extends slightly 
beyond the middle of the wing, its end lying above the fork of the 
fifth vein, and the first and third veins form a distinct cell; in the 
female the costa extends beyond the middle of the wing and 
terminates distally to the fork of the fifth vein, forming with the 
first and third vein a somewhat indefinite cell. Halteres with pale 
yellow knobs and dark brown stems. Legs uniformly brown. 
Female claws simple, male claws bifid with a slight indication 
of a sub-central projection; in both sexes with a hairy extension 

# The two middle centro-marginal bristles may be replaced by a single central bristle in 
this and other species of Dasyhelea* A 
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at the base. Abdomen dark brown clothed with dark hairs, 
spermatheca (fig. 9, e ) sub-spherical (diameter 46/*), moderately 
chitinised, the duct scarcely chitinised at its commencement. 

Hypopygium (fig. 6). Ninth segment : tergite scarcely tapering 
posteriorly, the margin straight with rudimentary finger-like 
processes each bearing two setae, the apical lobe-like processes large; 
stemite not produced posteriorly. Forceps', side-pieces clothed 
with long hairs, claspers strongly chitinised, the basal halves 
pubescent, the apical halves bearing one or two short hairs near their 
distal extremities which are depressed. Harpes: basal portions 
curved, ribbon-like, symmetrical, joined medially, forming a 



Fio. 6. D. stmilis , sp.n., male hypopygium (ventral view). X 400 circa. 

transverse bar from the centre of which a heavily chitinised structure 
(representing the fused distal portions) extends posteriorly and ends 
in a rather blunt point. Aedoeagus : median transverse basal portion 
strongly chitinised, narrow, somewhat thickened in the middle 
(triangular in some views), and but slightly curved, lateral portion 
terminating in moderately sharp points and bearing dorsally a 
strongly developed barb which projects transversely and is curved 
in an anterior direction. 

HABITAT : Nsawam, Gold Coast. Reared from rotting material 
collected from the bases of banana plants, March, 1920. 

D. similis closely resembles D. fusciscutellata but is of a rather 
lighter colour, generally with lighter yellow halteres; the species 
may be readily distinguished by the form of the spermatheca in the 
females and the structure of the hypopygium in the males. 
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Dasyhelea luteoseuteUata } sp. n. 


Measurements. 

Female. 

Length of body (one $pedmen) . 

. 1*1 mm. 

Length of wing . 

.o»8 mm. 

Greatest breadth of wing. 

.0*3 mm. 

Head dark brown with dark hairs. 

Eyes narrowly separate. 


Clypeus, proboscis and palpi brown, the third palpal segment 
longest, slightly swollen basally, the fourth and fifth segments 
together longer than the third. Antennae brown with dark brown 
hairs and long spines, curved and somewhat hair-like, on segments 
four to ten, inclusive; the latter segments sub-spherical to ovoid, 
elongating towards the apex, the terminal five segments distinctly 
more elongate, together longer than segments three to ten united, 
the last segment without a stylet. Thorax dark brown with dark 
hairs. Scutellum bright yellow with four centro-marginal and two 
lateral bristles, and a small central hair. Post-scutellum and pleurae 
dark brown. Wings similar to those of D . pallidihalter . Halteres 
with white knobs and dark brown stems. Legs brown, uniformly 
coloured. Claws simple without a sub-central prominence. 
Abdomen dark brown clothed with dark brown hairs. Spermatheca 
sub-spherical (diameter 43/1); the duct chitinised for a short distance 
only. 

Habitat : Nsawam, Gold Coast. Reared from material collected 
from the base of a banana plant; the pupa and larva were not 
identified. 

This species is a small, dark brown or almost black midge, 
resembling D . pallidihalter but with the scutellum entirely bright 
yellow, not darkened laterally; the long spines on the basal 
segments of the antennae are more slender and hair-like than in 
D. pallidihalter . 


Dasyhelea inconspicuosa , sp, 

. n. 


Measurements. 

Female. 

Male. 

Length of body, (two specimens). 

i*o mm. 

vi mm. 

Length of wing . 

0*7 mm. 

o*9 mm. 

Greatest breadth of wing. 

0*4 mm. 

0*5 mm. 


Head dark brown. Eyes broadly contiguous in the female, 
narrowly separate in the male. Proboscis and palpi brown, the 



latter relatively long, the third segment elongate, cylindrical, as long 
as the fourth and fifth segments together, the second segment about 
half the length of the third. Antennae brown with dark brown hairs; 
in the female, segments four and five sub-spherical, six to fifteen 
oval, gradually becoming longer towards the apex, the last segment 
brgad without a stylet (fig. 2, b ); in the male, segments four to eleven 
spheroidal to ovoid, segments twelve to fifteen elongate, the twelfth 
and thirteenth sub-equal, longer than the fourteenth and fifteenth, 
the last segment rather shorter than the fourteenth, without a stylet. 
Thorax dark brown with dark hairs. Scutellum yellowish brown 
with four centro-marginal and two lateial bristles in both sexes, 
small hairs absent. Post-scutellum and pleurae dark brown. 
Wings densely clothed with decumbent hairs, which in the female 
extend to the base between the fourth and fifth veins. In the female 
the costa extends to about the middle of the anterior margin, its 
extremity distal to the bifurcation of the fifth vein, forming with the 
first and third veins a narrow, slit-like cell; in the male the costa 
scarcely reaches the middle of the anterior margin and terminates 
above the bifurcation of the fifth vein. Halteres with pale brown 
knobs and dark brown stems. Legs brown. Male claws bifid at 
their extremities and with a minute sub-basal hairy extension on 
their inner sides; female claws simple, with a sub-basal extension 
similar to that of the male, but smaller. Abdomen : dorsum dark 
brown with brown hairs, venter paler brown. Spermatheca strongly 
chitinised, spherical (diameter 32 /k), the chitinised portion of the 
duct straight (length 5/u). 

Hypopygium (fig. 7). Ninth segment : tergite scarcely tapering 
towards its posterior extremity and scantily clothed with long, stout 
hairs, the finger-like processes moderately small and somewhat 
pointed, each bearing a relatively long hair near the apex and four 
near the base, apical lobc-like processes well developed and bearing 
between them a small triangular chitinised plate (not shown in the 
figure), stemite prolonged centrally and posteriorly into a long 
narrow process which covers the aedoeagus and ends in what looks 
like, but actually is not a strongly chitinised spine. Forceps : 
side-pieces well chitinised, with very long hairs, claspers with the 
basal halves pubescent and the tips depressed, and bearing a few 
minute hairs. Harpes : basal portions heavily chitinised, broad 
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laterally and somewhat L-shaped; distal portion of the left harpe 
developed but small, slender and feebly chitinised. Aedoeagusx 
median transverse proximal portion slightly curved and tapering 
laterally; lateral portions look as if they were twisted, apparently 
each composed of two plates, between them a tapering median 
gutter-like process with a blunt end (not shown in the figure); the 
junction between the plates on each side is very thinly chitinised. 

PUPA : Length (two specimens) 2 mm.; dorsum of the cephalo- 
thorax somewhat infuscated anteriorly, the anterior margin and the 



Fig. 7. O. ineonspieuosa , *p.n., male hypopygium (ventral view), x 400 circa. 

posterior end of the abdomen conspicuously shagreened. Respira¬ 
tory trumpets : length about 0 2 mm.; curved, and conspicuously 
ringed except at the extremities. The main tracheal trunk gives 
off laterally, at fairly regular intervals, a few processes which 
open on elevations slightly larger than the ordinary corrugations of 
the trumpet, and apically about eight short blunt processes arranged 
in a fan-like manner. Cephalothorax without strongly armed 
tubercles. Anterior marginal tubercles divergent, dark coloured, 



and covered with coarse dark spicules bearing a minute terminal 
hair; between the,anterior marginal tubercles are two small dark 
elevations, one behind the other, covered with coarse dark spicules; 
anterior dorso-median tubercles triple, each with small setae 
internally; dorso-lateral tubercles each showing two slightly rounded 
elevations bearing small delicate hairs. Dorsal tubercles represented 
by a few minute hairs, and cm each side of the middle line are three 
dark puckered macules, forming an irregular row across the dorsum; 
in front of this row on each side are three similar, if less distinct, 
macules. Abdomen : the arrangement of tubercles and form of the 
terminal processes are similar to those of the preceding species. 

LARVA. Length 2 6 mm., greatest breadth 02 mm. (two 
specimens, apparently not quite mature). Head : length about 
0'2 mm., greatest breadth o'14 mm.; well chitinised, conical. 
Mental plate resembling that of D. pallidihalter , but apparently 
with five rather large coarse teeth on each side instead of eight. 

HABITAT: Oblogo; reared from pupae found in collections of 
water in the bottoms of canoes tied to the bank of the river Densu, 
also from rotten wood taken from the sides and ends of the same 
canoes; December, 1919, to March, 1920. Also larvae, pupae and 
adults in the collection of the Liverpool School of Tropical Medicine 
obtained from the rotting vegetation at the sides of a water hole at 
Christiansborg, Accra, March, 1918. 


Dasykelea nigricans, sp. n. 


Measurements. 

Male. 

Length of body . 

.1*3 Am. 

Length of wing . 

. i*o mm. 

Greatest breadth of wing. 

.0*3 mm. 

Head very dark brown, almost black. 

Eyes narrowly separated. 


Clypeus and proboscis dark brown. Palpi brown with dark hairs, 
third segment the longest, but not so long as the fourth and fifth 
together and not appreciably swollen, the last segment distinctly 
longer than the fourth. Antennae very dark brown with a 
plume of black hairs. Segments four to eleven spheroidal, the 
last four segments more elongate, sub-equal in length, without 
long spines, the last slightly shorter than the penultimate and 
without a stylet; segments twelve to fourteen distinctly binodose. 
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Thorax dark brown, almost black, with small yellowish-brown 
patches at the anterior lateral angles and over the bases of the 
wings. Scutellum orange brown in the middle, dark brown at the 
sides, bearing four centro-marginal and two lateral bristles, and one 
or two median short hairs. Post-scutellum and pleurae dark brown. 
Wings sparsely clothed with decumbent hairs. The costa terminates 
about the middle of the wing and proximal to the bifurcation of 
the fifth vein; the first and third veins form distally a single small 
cell. Halteres with yellowish-brown knobs and dark brown stems. 
Legs brown, almost uniformly coloured, the femora and two terminal 
tarsal segments slightly darker. Claws bifid distally without a 
sub-basal projection. Abdomen : dorsum very dark brown, scantily 
clothed with black hairs, venter distinctly lighter in colour. 

Hypopycium (fig. 8). Ninth segment’, tergite long, reaching 
beyond the ends of the side-pieces, tapering posteriorly and showing 



a slight concavity at its posterior margin, clothed dorsally with a 
few moderately long hairs, finger-like processes well developed, 
dark, each with a rounded apex bearing a small terminal hair; 
stemite prolonged posteriorly into a cone-like process. Forceps-. 
side-pieces prolonged distally on their inner sides into sub-conical, 
thinly cbitinised lobes which are clothed with short, stout hairs—the 
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inner margin from the base of each side-piece as far as the origin 
of the lobes is very heavily chitinised; claspers double, the inner 
piece more heavily chitinised and shorter than the outer, pubescent, 
ending in a strongly pointed process which carries a relatively 
stout hair, and showing a secondary barb on its convex margin at 
about the apical third, the outer portion less heavily chitinised, 
pubescent on the basal half or two-thirds and of normal form, with 
the apex depressed and bearing a few small hairs. Harpes : basal 
portions rather broad, strongly chitinised, asymmetrical; from the 
right basal portion there arises a curved, heavily chitinised, blade¬ 
like structure which tapers to a point distally, and is prolonged 
posteriorly as far as the distal end of the main part of the side-piece; 
laterally the basal portions are produced into strongly chitinised 
bars which run diagonally backwards and join the end of the 
chitinised inner margin of the side-pieces. Aedoeagus : strongly 
chitinised, broad; the median transverse proximal portion with 
wing-like prolongations, the lateral portions each composed 
of a dorsal and ventral plate, the extremities divergent, pointed, 
resembling a pair of shears. 

HABITAT : Accra, Gold Coast. Two males taken in the evening 
upon the windows of the laboratory, January and February, 1920. 


Dasyhelea flava, sp. n. 


Measurements. 

Female. 

Male. 

Length of body (three specimens) 

. 1*2 mm. 

1*3 mm. 

Length of wing . 

.o*8 mm. 

0*9 mm. 

Greatest breadth of wing. 

.o*2 mm. 

0*3 mm! 


Head yellow, the middle of the occiput brown. Eyes separated, 
narrowly m the female, more widely in the male. Clypeus 
yellow. Proboscis and palpi brown, the first segment of the 
palpi very small, the third segment inflated, about one-third 
longer than the fifth in the female; third segment of palpi 
in male cylindrical, less inflated than in the female. Antennae 
brown with dark hairs; in the female, segments four to ten 
bear stout sensory spines and are sub-spherical to oval in shape, 
the length varying from one to one and one-fifth the width, 
segments eleven to fourteen slightly longer, the last segment tapering 
to a narrowly rounded apex and almost one and three-quarter times 
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the length of the preceding segment; in the male, segments four to 
eleven oval to sub-oval in shape (almost hexagonal in transverse 
section), varying in length from two-thirds to one and a half times 
the width, last four segments gradually decreasing in length, twelve 
to fourteen, not binodose but exhibiting the usual sculpturing, 
with a basal whorl of hairs and shorter hairs distally, the last 
segment longest, longer than the twelfth, basally very broad 
and tapering to a pointed apex. Thorax canary yellow with three 
broad longitudinal brown bands: a median, which runs from the 
anterior margin to the posterior third of the dorsum and is frequently 
divided down its middle by a narrow yellow line, and lateral bands 
extending from the anterior fourth of the dorsum almost to the 
scutellum. In the male the thoracic pattern is less conspicuous, the 
yellow markings being contracted so that the general colour appears 
brown with yellow markings, rather than yellow with brown 
markings. Scutellum canary-yellow with four centro-marginal and 
two lateral black bristles, in both sexes; small hairs absent. Post- 
scutellum dark brown. Pleurae almost entirely canary yellow with 
small brown markings. Wings hyaline without spots, clothed with 
decumbent hairs which extend basally well beyond the cross-vein. 
Halteres canary-yellow in both sexes. Legs brown, rather lighter 
coloured in the male, the knees infuscated. Claws simple, bifid at the 
tips in the male. Abdomen : dorsum dark brown, venter somewhat 
tawny, especially towards the apices of the segments. Arising from 
the centre of the anterior margin of the eighth sternite in the female 
and extending forwards into the seventh segment is a blunt, chitinous 
and apparently tubular process (fig. 9, a ); the lower laminae appear 
to arise from the anterior edge of the eighth sternite, but the upper 
laminae extend backwards internally almost to the edge of the 
segment. This structure is conspicuous in specimens which have 
been treated with caustic potash, but is largely obscured by pigment 
in carbolic preparations; even in dry specimens, however, a small 
portion of the lower plate can usually be detected near the 
middle of the anterior margin of the eighth segment. Spermatheca 
(fig. 9, b) t single, moderately chitinised, sub-spherical to oval 
(44 n by 40 fi) in shape with the beginning of the duct chitinised. 

Hypopygium (fig. 10). Ninth segment : tergite broad basally, 
tapering distally, sparsely clothed with strong hairs, posterior margin 
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not notched and without finger-like lateral processes, stemite 
relatively narrow, with a conspicuous but not heavily chitinised 
median pmcer-like process projecting backwards ventral to the 
aedoeagus. Forceps', side-pieces short and stout, broader apically 
than basally, rather scantily clothed with moderately long hairs; 
claspers bifid, highly chitinised, antler-like, the inner branch pointed 
and bearing two setae a little beyond the middle, the outer branch 
strongly curved, pointed, with a prominent seta near the base. 
Harpes : basal portions articulating with the base of the side-pieces, 



Fig. 9. a — Terminal segments of abdomen of female D.flava, sp.n. (ventral view) showing 
the chitinous median process arising from the posterior margin of the eighth segment; 
b — D. jlava, spermatheca and median process (side view); c — D, fuscipleuris , spermatheca ; 
d — D.flaviformis , spermatheca; e — D. similis , spermatheca ; /— D.fusciscutellata, spermatheca; 
g — D. pallidib alter, posterior extremity of larva showing the small pseudopod. (a x 123; 
H x 360 ; g x 490 .) 


strongly chitinised; from the right basal portion arises a lightly 
chitinised sickle-like process which is very long and tapers 
gradually towards the tip—it is first directed dorsafly, but later 
curves strongly in a ventral direction and distally is covered 
with delicate spicules. Aedoeagus : a broadly-ending gutter-like 
structure tapering but slightly from base to apex, the median 
transverse portion and the lateral portions heavily chitinised. 

PUPA. Length (two specimens) vj mm. Respiratory trumpets 
long, narrow and curved, arising from small tubercles; length about 
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o*2 mm. Distal extremity not infuscated, slightly broadened and 
without rings, middle portion irregularly ringed, base slightly 
constricted; lateral openings of the tracheal trunk occur from base 
to apex, about six being situated near the tip. Cephalothorax'. 
anterior marginal tubercles large, conical, heavily shagreened, 
bearing a very short bristle. In the middle line between 
the anterior marginal tubercles is an antero-posterior row of three 



Fie. 10. D. proa, ip.n., male hypopygium (ventral view), x 400 circa. 

unarmed somewhat heavily shagreened tubercles, the most 
anteriorly placed being slightly ventral, the middle one slightly 
dorsal, to the marginal tubercles. Anterior dorso-median tubercle 
represented by two or three small hairs; dorso-lateral tubercle some¬ 
what prominent, irregularly shaped and bluntly rounded, bearing a 
moderately long and a short hair; ventro-lateral tubercle bearing a 
minute hair; ventro-median tubercle represented by a small hair. 
The ventral surface also bears small, highly chitinised, unarmed 
tubercles, one on each side of the middle line near the centre of the 
cephalic region. Abdomen more heavily shagreened than, but 
otherwise similar to, that of D. pallidihalter. 

LARVA. Adults of this species were reared from larvae obtained 
from banana fibre which had been isolated in small tubes; the larval 
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pelts were not subsequently found, but as no other species of 
Dasyhelea was reared from this particular sample of banana fibre 
in the course of some weeks’ observation, the Dasyhelea larvae found 
therein have been ascribed to D . ftava . 

Length (three specimens) 2*9 mm.; greatest breadth 0*2 mm. 
Head : length 0*18 mm., greatest breadth o’12 mm. These larvae 
are almost indistinguishable from those of D . paWdthalter , the only 
apparent difference being in the size and form of the teeth on the 
mental plate, in D. ftava larva the most lateral tooth on each side 
is smaller, while the others are distinctly larger and coarser than in 
larvae of D. pallidikalter . 

Habitat : Nsawam and Dodowah, Gold Coast. Reared from 
rotting vegetable material collected at the bases and roots of banana 
plants, January to May, 1920. 

Dasyhelea fusciplcuris , sp. n. 

Measurements. 

Length of body (one female) .1*2 mm. 

Length of wing .i-o mm. 

Greatest breadth of wing .. ..0*4 mm. 

Head brown. Eyes narrowly separate. Proboscis and palpi 
brown, the fourth and fifth palpal segments short, sub-equal, third 
segment slightly inflated and rather longer than the fourth or fifth. 
Antennae brown; segments four to ten inclusive sub-spherical to 
broadly oval in shape, in length from four-fifths to one and one- 
quarter times the greatest width, segments eleven to fourteen oval 
and in length about one and a quarter times the greatest width* the 
fifteenth slightly longer and about twice as long as wide. Thorax 
yellow, becoming yellowish-brown posteriorly in front of the 
scutellum, with broad brown or blackish-brown median and lateral 
bands; the median band, which has a shining appearance in certain 
lights, is of almost uniform width and extends from the anterior 
margin to about the middle of the thorax, the lateral bands are 
broad and rounded anteriorly, gradually narrowing posteriorly, and 
extend from the anterior fourth of the thorax almost to the scutellum; 
each lateral band near the middle of its outer border gives off a 
narrow dark stripe which is directed forwards and ends a short 
distance behind the antero-lateral angle. Scutellum entirely pale 
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yellowish-brow^ with three or four centro-marginal and two lateral 
bristles; short hairs absent. Post-scutellum dark brown. Pleurae 
almost entirely yellowish-brown with a few small darker brown 
markings. Wings hyaline, sparsely clothed with decumbent hairs 
which scarcely extend basally beyond the cross-vein and in the 
anterior apical portion are almost confined to the margin and to the 
fold above the upper branch of the fourth vein. The costa extends 
slightly beyond the middle of the wing and distinctly beyond the 
bifurcation of the fifth vein; the single cell between the first and third 
veins distinct, rather longer than broad. Haltcres yellow-brown. 
Legs : distinctly light brown with the extreme bases of all the tibiae 
and the apices of the hind tibiae very dark brown; the fifth tarsal 
segments of all the legs are somewhat infuscated. Claws simple. 
Abdomen : dorsum dark brown, with the hind margins of the 
segments narrowly but distinctly yellowish; venter of a rather pale 
brown colour. Spermatheca (fig. 9, c) single, oval to pyriform (average 
about 61 n by 42/*), highly chitinised, the commencement of the duct 
chitinised for a short distance (about 8/*). 

HABITAT: Accra, Gold Coast. Two females taken on the arm, 
one in a bungalow near a light at 9 p.m., April 18 th, 1920, and the 
other in the laboratory in May, 1920. Numerous specimens (9 9 ) 
bred later. 

A yellowish-brown midge somewhat resembling D. flava in 
appearance, though less brightly coloured. 

Dasyhclca flaviformis , sp. n. 

Measurements. Female. Male. 

Length of body .ro mm. ro mm. 

Length of wing .o*6 mm. 07 mm. 

Greatest breadth of wing.o»2 mm. 0*2 mm. 

Head brown with lighter brown borders round the eyes and 

occiput. Eyes narrowly separate. Proboscis and palpi brown, 
third segment of the palpi not swollen, longer than the fourth and 
about as long as the fifth segment. Antennae brown with dark 
brown hairs; segments four to ten in the female with curved spines, 
sub-spherical, as broad as long, segments eleven to fourteen rather 
longer than.broad, the terminal segment the longest, being two and 
a half times as long as broad and almost twice as long as the 
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preceding segment; the last four segments of the male elongate, 
segments twelve to fourteen binodose. Thorax tawny-yellow with 
broad, longitudinal, brown bands arranged in much the same pattern 
as those of D. flava and of D. fuscipleuris : a broad median band, 
divided by a narrow, median tawny stripe extends almost from the 
anterior margin to the posterior third of the dorsum, and lateral 
bands, one on either side, extend from the anterior third of the 
dorsum almost to the scutellum. Scutellum tawny-brown with 
slightly darker brown sides, carrying three central and two lateral 
bristles in both sexes; short hairs absent. Post-scutellum dark 
brown. Pleurae tawny with two or three dark brown markings. 
Wings hyaline; decumbent hairs rather more scanty than m D. flava , 
extending basally between the fourth and fifth longitudinal veins to 
about the point of separation of the first and third longitudinal veins, 
the anal cell bare and the anterior apical region rather more sparsely 
clad. Halteres with brown stems and cream-coloured knobs. Legs 



Fig. ii. D.flavtformu , sp.n., male hypopygium (ventral view), x 400 circa. 

almost uniformly light brown, with dark knee spots. Claws simple 
and equal. Abdomen dark brown; in the female there are semi¬ 
lunar tawny maikings on either side of the middle line on the dorsum 
of the fifth, sixth and seventh segments, and the apex of the abdomen 
is pale; in the male entirely dark, except for small paler lateral spots 
on the first and second segments. Spermatheca (fig. 9, d) pyriform 
(length 43/t*, breadth 35ft), moderately highly chitinised, the 
commencement of the duct chitinised. 

Hypopycium (fig. 11) resembling that of D. flava. Ninth 
segment : tergite broad basally, narrowing slightly towards the 
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apical margin which is not notched, finger-like lateral processes 
rudimentary but bearing a single rather long stout hair; stemite 
with the median, piricer-like extension well developed. Forceps : 
side-pieces relatively longer than in D. flava > claspers more slender 
and less curved, and bearing a rudimentary, conical, second branch 
on their inner sides basally, the basal portion only pubescent. 
Harpes similar to those of D. flava but relatively larger and stouter; 
the sickle-like structure arising from the right basal process is very 
long and strongly curved, and apically is devoid of spicules. 
Aedoeagus differs from that of D. -flava in that the distal extremity 
gives off two curved chitinous processes, one on either side of the 
middle line, resembling a pair of forceps. 

PUPA. Length about 1*5 mm.; somewhat infuscated at the 
anterior end, integument shagreened. Respiratory trumpets 
(fig. 3, b): length about 0*15 mm.; breadth about 15 ft. They are 
infuscated apically, and are long, narrow and curved, arising from 
slight papillae; the main tracheal trunk begins to give off lateral 
branches just above its base, the first four widely separate but those 
near the tip more closely situated, together forming a series of nine 
or ten branches. The trumpets are irregularly ringed in the 
middle and show no definite tubercles. Cephalothorax infuscated 
anteriorly; operculum dark, highly chitinised and coarsely 
shagreened, with two low and rounded, but relatively large, 
elevations in the middle line. Anterior marginal tubercle well- 
developed, conical, bearing a very small seta; dorso-lateral tubercles 
well-developed, bearing several minute hairs; anterior dorso-median 
tubercle almost indistinguishable, being represented by a few minute 
hairs; ventral tubercles undeveloped, represented by minute hairs. 
Dorsum of thoracic region infuscated, without tubercles but with 
numerous macules. Abdomen exhibiting no peculiarities, of the 
usual pattern but rather poorly chitinised. 

HABITAT : Oblogo, Gold Coast. Reared from rotten wood taken 
from a canoe in the river Densu, May, 1920. The pelt of a larva 
which had been isolated in a tube with a piece of the rotten wood 
in which it was found and from which a pupal pelt and an adult of 
this species were obtained, was not recovered. 

A small brown midge resembling in markings D. flava , but with 
the lighter coloured areas a dull tawny-yellow in place of brilliant 
canary-yellow. 
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Dasyhelea fuse a, sp. n. 


Measurements. 

Female. 

Male. 

Length of body . 

. 1*5 mm. 

i*6 mm. 

Length of wing . 

. ri mm. 

1*3 mm. 

Greatest breadth of wing. 

. 0*4 mm. 

0*3 mm. 

Head brown with brown hairs. 

Eyes broadly contiguous in the 


female, narrowly separate in the male. Proboscis pale brown. 
Palpi brown, third segment slightly swollen, distinctly shorter than 
the fourth and fifth segments together. Antennae in the female 
brown, torus much darker than the segments of the flagellum, with 
dark hairs and large, curved spines (in addition to short blunt 
spines) on all the segments; segments four to eleven sub-spherical to 
oval, constricted apically, the last segment elongate, at least one and 
a half times as long as the penultimate, with a distinct stylet. In 
the male, strongly plumose, the whorl hairs dark brown; segments 
three to eleven spheroidal, segments twelve to fourteen elongate, 
strongly binodose; last segment stout and cylindrical, with a 
conspicuous stylet. Thorax dark brown with paler brown to 
yellowish areas at the anterior lateral angles and bases of the wings 
(in fresh specimens the dorsum is greyish-pniinose), sparsely clothed 
with dark brown hairs. Scutellum pale yellowish-brown with 
five or six centro-marginal and two lateral bristles, and about 
six (four to seven) short median hairs. Post-scutellum and pleurae 
dark brown. Wings almost unicolourous but slightly infuscated at 
the junction of the first and third veins and costa; surface rather 
thickly clothed with long hairs, which extend basally beyond the 
cross-vein. First and third veins fused, extending for a considerable 
distance parallel to the costa and joining the latter well beyond the 
middle of the anterior border and the bifurcation of the fifth vein. 
Halteres with cream-coloured knobs. Legs light brown, the 
knees slightly darker, the apices of the tarsal segments infuscated, 
fore and hind femora each with a dark spot above the 
apex. Claws simple, bifid distally in the male. Abdomen dark 
brown with brown hairs, which are most numerous at the sides and 
on the distal segments. Spermatheca more or less pyriform (length 
6i/u, breadth 45/1) in shape and feebly chitinised. 

Hypopygium (fig. 12). Ninth segment : tergite with moderately 
long hairs dorsally, broad, gradually tapering towards the posterior 
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margin, the finger-like processes well developed, dark, each with a 
stout hair at the apex and a group of five or six shorter hairs at the 
base; sternite relatively broad, without a central posterior projection. 
Forceps : side-pieces short and broad, clothed with short, stout 
hairs; claspers pubescent, rather longer than the side-pieces, the tips 
slightly rounded and bearing a few minute hairs. Harpes : basal 
portions somewhat asymmetrical, large, strongly chitinised, curving 
forwards towards their junction near the middle line; distal portion 



of the right harpe in the form of a stout, strongly chitinised, blade¬ 
like structure with a pointed, slightly re-curved apex, extending 
posteriorly almost as far as the posterior margin of the ninth tergite. 
Aedoeagus large, projecting posteriorly to about the level of the 
middle of the side-pieces, broad basally, narrowing slightly apically 
as shown in fig. 12. 

PUPA. Length 2*3 mm.; relatively large and well chitinised, 
with the cephalo-thoracic portion slightly infuscated and with 
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characteristic, loofah-like, trumpets. Integument shagreened, 
especially over the middle of the anterior part of the cephalothorax 
and on the last abdominal segment. Respiratory trumpets (fig. 3, d ): 
length about 0*3 mm., broad and flat, arising from small tubercles; 
the basal third cylindrical, dark coloured, annulated, the apical two- 
thirds expanded and flattened, with very numerous tracheal branches 
arranged somewhat like the leaflets of a long pinnate leaf which has 
been doubled upon itself so that the fold is at the distal end and 
the base and tip at the proximal end—the branches are apparently 
double processes arising from the main tracheal trunk. Cephalo¬ 
thorax: anterior marginal tubercles prominent, conical, divergent, 
covered with coarse dark granulations and ending each in a double- 
pointed process bearing a delicate hair; anterior dorso-median 
tubercles somewhat irregularly shaped and bearing small and delicate 
setae on their inner sides; dorso-lateral tubercles highly granular, 
bearing one small and one minute seta. On each side of the 
anterior marginal tubercles is a dark, conical, coarsely granulated 
nodule, and immediately dorsal to this a smaller and flatter 
granulated nodule. Dorsal tubercles apparently represented by 
socket-like marks (which may be surrounded by a dark zone and may 
show centrally minute points resembling small spines) and by small 
dark puckered macules—there are about eighteen of the latter, of 
which fourteen (seven on each side of the middle line) are arranged 
in an irregular transverse row extending across the dorsum a short 
distance posterior to the trumpets, and the others are situated 
anteriorly two on each side of the middle line. Large darlj areas, 
which appear to be slightly raised, also occur over the bases of the 
wing sheaths and on that part of the cephalothorax immediately 
posterior to them, and other macules may be distinguisned on 
the posterior portion of the dorsum. Abdomen: tubercles poorly 
developed; on both surfaces of each segment, but more conspicuous 
on the dorsum, are three rounded and darkened macules arranged 
in the form of an equilateral triangle with its apex posteriorly 
directed. 

Habitat: Oblogo, near Accra. Pupae and pupal pelts were 
found in stagnant water contained in canoes which were tied to the 
bank of the river Densu; and pupae in the rotten wood forming the 
sides and ends of these canoes. Larvae were not obtained. 
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Dasyhelea nigrofusca i sp. n. 


Measurements. 

Male. 

■ Length of body . 

... 1*5 mm. 

Length of wing . 

... i*o mm. 

Greatest breadth of wing. 

... 0*3 mm. 


Head dark brown, almost black. Eyes broadly contiguous 
dorsally. Proboscis and palpi dark brown, the third segment of the 
palp distinctly swollen and rather longer than the fourth or fifth, 
which are sub-equal in length. Antennae dark brown with almost 
black hairs; segments four to eleven more or less hexagonal, in length 
from three-fourths to rather more than once the width, segments 
twelve to fourteen elongate, binodose, decreasing in length from about 
three times to two and a half times the width, terminal segment 
broad, rather shorter than the twelfth segment and with a small 
apical stylet. Thorax dark greyish-pruinose with sepia markings, 
the lateral margins narrowly yellowish; scantily clothed with dark 
hairs. Scutellum dark brown in the middle, yellow laterally, with 
a row of eight sub-marginal bristles and about half a dozen 
median short hairs. Post-scutellum dark brown. Pleurae yellow with 
dark brown markings. Wings hyaline, well clothed with decumbent 
hairs. First and third veins apparently completely fused, the 
bifurcation of the fifth vein lying immediately below the apex of the 
costa. Halteres brown with paler coloured but slightly infuscated 
knobs. Legs conspicuously banded, femora dark, slightly paler 
basally and with a distinct pale band before the apex, knee joints 
dark, tibiae with dark bands at the base, middle and apex, tarsal 
segments paler, with indications of dark bands at the apices; 
clothed with dark hairs. Claws simple and equal, bifid at the tips. 
Abdomen sepia-coloured, clothed with dark brown hairs; venter 
yellowish. 

Hypopygium (fig. 13). Ninth segment \ tergite scarcely tapering, 
the posterior margin straight, the finger-like processes well 
developed, each bearing a single hair and with a prolongation 
of the tergite connected with them dorsally; sternite without 
a central posterior extension. Forceps : side-pieces of the 
usual form; claspers as long as the side-pieces, the basal halves 
pubescent and carrying two short hairs near the middle and three 
or four short hairs near the apex. Harpes : basal portions strongly 
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chitinised and bent in an anterior direction, that of the right side 
being shorter and more abruptly bent and articulating with a double 
curved, blade-like distal process; the latter is very long and reaches 
posteriorly as far as the apices of the side-pieces, it is broader in the 
middle than at either extremity, and is serrated at the apex. 
Aedoeagus broad basally, narrowing somewhat apically, the distal 
portion consisting of two highly chitinised hook-like rods on either 
side connected by a ventral wall of thin chitin; these lateral rods are 
not on the same plane, and the ventral pair are longer, less sharply 
bent medially, and notched at the ends. 



Fio. 13. D. nigrofused) sp.n., male hypopygium (ventral view). X 400 circa. 

PUPA. Length 2‘6 mm.; shagreened but not highly chitinised. 
Respiratory trumpets (fig. 3, c) : length about o'l mm., short, 
broad and constricted at the base, arising from small tubercles 
and with the basal half covered with minute squamose spines; lateral 
processes (numbering about twenty) of the tracheal trunk given off 
at regular intervals—at first in a single, later in a double row, 
extending from a short distance above the base to the apex. 
Cephalothorax: spines and tubercles poorly developed; operculum 



wanting. Anterior marginal tubercle small, bearing a small bristle; 
dorso-lateral tubercle bearing two small hairs; anterior dorso-median 
tubercle very small with two hairs; ventro-median tubercle minute, 
bearing a small hair; ventro-lateral tubercle represented by two or 
three small hairs. Dorsum of the thoracic portion without tubercles 
or spines. Abdomen : integument with transverse cellular 
sculpturing and minute spicules basally and laterally; these spicules 
are most numerous and most highly developed on the last segment 
and its terminal processes. The segments are furnished with the 
usual backwardly projecting shelf-like tubercles, those forming the 
ventro-lateral series being the most prominent. 

Habitat : Dodowah, Gold Coast (north-east of Accra), reared 
from materials collected from a rot-hole in a mango tree, March 7th, 
1920. x The larva was not identified. 


Dasyhelea fu seif or mis, sp. n. 


Measurements. 

Female. 

Length of body . 

.1*3 mm. 

Length of wing . 

. Vi mm. 

Greatest breadth of wing. 

.0*3 mm. 

Head brown with brown hairs. 

Eyes very narrowly separate, 


almost contiguous. Clypeus, proboscis and palpi brown; all 
segments of the latter somewhat swollen, the third cylindrical, longer 
than the fourth and fifth segments together, the fifth much shorter 
than the fourth. Antennae brown with brown hairs and long curved 
spines on all the segments; segments of the flagellum sub-spherical 
to oval in shape, each with an apical constriction, the last segment 
elongate with a distinct stylet (fig. 2, a). Thorax dark brown with 
dark hairs, jthe anterior-lateral angles and areas at the bases of the 
wings paler brown. Scutellum light brown with eight centro-marginal 
and two lateral bristles, and three short hairs. Post-scutellum and 
pleurae dark biown. Wings : decumbent hairs extending to the 
base of the wing between the fourth and fifth veins; costa reaching 
the middle of the anterior border and terminating beyond the 
bifurcation of the fifth vein, the first and third veins distally forming 
a small cell. Halteres with cream-coloured knobs and dark brown 
stems. Legs uniformly brown, the claws simple. Abdomen dark 
brown, lighter coloured distally* with dark brown hairs. 
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Spermatheca sub-spherical (length 53 n, width 48*), moderately 
chitinised, the duct wide at its origin, tapering gradually and 
chitinised for a very considerable portion (50/*) of its length. 

Pupa. Length 2 mm., moderately well chitinised, the integu¬ 
ment shagreened and the last abdominal segment with small 
spicules. Respiratory trumpets', length about 0*17 mm., breadth 
0*03 mm., rather short, broad and almost straight, with a slight 
basal constriction and with the surface covered with minute, 
imbricated, flattened spines. The tracheal trunk gives off three or 
four lateral branches at regular intervals in the basal three-fourths 
of the trumpet, and a series of about a dozen close together in the 
apical fourth. Cephalothorax : anterior marginal tubercles wanting 
—the operculum missing from the single pelt examined; anterior 
dorso-median tubercle poorly developed, bearing a single small hair; 
dorso-lateral tubercle small, carrying two short hairs; ventro-lateral 
tubercle indistinguishable; ventro-median tubercle represented by 
two small hairs. Integument of the dorsum of the thoracic portion 
with puckered macules, but without tubercles. Abdomen with 
tubercles of the usual type and arrangement. 

The pupal stage is apparently short, as the adult insect appeared 
on the fourth day after isolating the larva. The pupal pelt was 
found with the cephalothorax protruding from a piece of rotten 
wood. 

LARVA. A single larva of this species was collected and isolated 
in a small tube; it was rather large, with well-formed hooks at the 
posterior end of the abdomen. Its movements were slow and 
deliberate and it was observed to crawl up the sides of the glass 
vessel in which it was contained, but afterwards it quickly buried 
itself in the rotten wood and was not seen again. After the insect 
had hatched the pupal pelt was secured, but the only portion of the 
larval pelt found was the head; this was dark-coloured and heavily 
chitinised, and measured 0*3 mm. in length and 0 2 mm. in greatest 
width. 

Habitat : Oblogo, Gold Coast. Reared from materials collected 
from a rot-hole in a tree (Cynometra sp., probably C. megalophytla, 
Harms.), May, 1920. 

D. fusciformis is a brown midge closely resembling D. fusca, but 
smaller in size and with the colouring of the scutellum and the lighter 
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patches on the thorax pale brown rather than yellow. The 
spermathecae and pupae of these two species are quite distinct. 

The species of Dasyhelea described above may be separated as 


follows: — 

Females 

1. Antennal segments sub-spherical or oval, not constricted apical]/, 

the last segment not produced into a stylet; scutellum with at 
most four centro-marginal bristles . 2 

Antennal segments constricted apically, the last with a distinct 

stylet; scutellum with at least five centro-marginal bristles ... 9 

2. Species mainly dark brown in colour. 3 

Species yellowish with dark brown markings. 7 

3. Scutellum dark brown, at most with the central portion yellowish... 4 

Scutellum entirely yellowish . 6 

4. Scutellum yellowish in the middle ; halteres white, pallidihalter, sp. n. (p. 184) 

Scutellum entirely dark brown ; halteres yellowish. 5 


5. Spermatheca reniform; claws with a distinct sub-central pro¬ 

jection . JusciscuteUata , sp. n. (p. 187) 

Spermatheca spherical; claws without a distinct sub-central pro¬ 
jection . similis , sp. n. (p. 189) 

6. Scutellum bright yellow ; halteres white ... luteoscutettata , sp. n. (p. 191) 

Scutellum yellowish-brown ; halteres yellowish-brown . 

. inconspicuosa , sp. n. (p. 191) 

7. Species bright yellow; the eighth abdominal segment with a ventral 

backwardly directed chitinous process . Hava, sp. n. (p. 196) 

Species dull yellow ; the eighth abdominal segment without such a 

process ... ... ... ... ... ... ... ... 8 

8. Larger species (wing length l*o mm.); halteres yellowish-brown ; 

hind margins of abdominal segments narrowly yellowish 
. fuscipleuris , sp. n. (p. 200) 

Smaller species (wing length 07 mm.); halteres cream-coloured ; 
semilunar tawny markings on dorsum of fifth, sixth, and seventh 
abdominal segments *.* ft oviform is, sp. n. (p. 201) 

9. Spermatheca pyrifonn, feebly chitinised ; scutellum with five or six 

centro-marginal bristles • •# ••• ••• ... fusca , sp. n. (p. 204) 

Spermatheca spherical, moderately chitinised, with a very long 
posterior extension ; scutellum with eight centro-marginal 
bristles . Jusciformis , sp. n. (p. 209) 



Males (separation on hypopygial characters) 


1. Claspers single . 

Claspers double .,. 

2. Ninth sternite with a central posterior extension 
Ninth sternite without a central posterior extension 


2 

6 

3 

4 


3. Posterior extension of ninth sternite large, ob-ovate . 

. pallidibalur , sp. n. (p. 184) 

Posterior extension of ninth sternite smaller, somewhat rectangular 

.. .. jusciscuulLta , ap. n. (p. 187) 

Posterior extension of ninth sternite cone-like tnconsficuosa , ap. n. (p. 191) 


4. Distal portions of harpes fused, forming a single median process ... 

. similis , sp. n. (p. 189) 

Distal portion of one harpe only developed. 5 


5. Aedoeagus relatively short, reaching about one-third the length of 
the side pieces; distal fourth of the harpal process attenuated, 
the apex serrated . nigrofvsca , sp. n. (p. 207) 

Aedoeagus long, reaching beyond the middle of the side pieces; 
harpal process not attenuated distally, the apex pointed 

. fusca , sp. n. (p. 204) 


6. Inner portion of clasper small, conical ... jlaviformis , sp. n. (p. 201) 
Both portions of clasper large and well developed. 7 


7. Central posterior extension of the ninth sternite cone-like. 

. nigricans , sp. n. (p. 194) 

Central posterior extension of the ninth sternite pincer-like 

. fiava , sp. n. (p. 196) 
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THE PREVALENCE AND CHARACTER 
OF TUBERCULOSIS IN HONGKONG 


BY 
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I. GENERAL CONSIDERATIONS 

The statement has been made that not only is tuberculosis a 
common disease in the tropics, but that it appears to be increasing 
in its ravages in the East. Seeing that the treatment of tuber¬ 
culosis, both prophylactic and curative, consists largely in fresh air 
and sunshine, it seems strange that this disease should be rife in 
tropical countries where sunshine is so prevalent and living in the 
open air is the rule. 

A very brief experience as medical officer in charge of the 
mortuary sufficed to show that tuberculosis was a frequent cause of 
death in Hongkong, and I deemed it an investigation well worth 
undertaking to determine the varieties of the disease as met with 
here, the portals of entry, the mode of spread, and, if possible, to 
determine the primal cause or causes responsible for the condition 
and those aiding its dissemination, with a view to elucidating 
measures for its prevention. 

I have excluded those cases which showed merely signs of 
old-standing tuberculosis, for previous investigations have proved 
that after middle life nearly all bodies yield evidence of some healed 
focus of the disease. A particularly noticeable feature in my series is 
the large percentage of children of tender age who die from tubercu¬ 
losis* Another point worthy of note is the fact that whereas at home 
intestinal tuberculosis as a primary condition is fairly common in 
children and is ascribed to the drinking of infected milk, in tropical 
countries primary intestinal tuberculosis is met with although milk 



is not taken as a regular food; this holds good here also, though 
it is only right to add that primary intestinal infection appears to 
be comparatively rare in Hongkong. 

Before proceeding to speak in detail of the cases dealt with in 
this investigation, it will not be out of place to make a few general 
remarks on the disease. As is well known, the bacillus may persist 
for a long time in dust, in dried sputum, in urine, and so forth. 
When one sees how large a number of patients exhibit signs of 
tuberculosis after death, several of whom showed no marked signs 
during life, and when, as we know, the bacilli are shed broadcast 
not only in the sputum but in the fine spray of coughing and 
sneezing consumptives, the opportunities for the organism to gain 
entrance and to propagate are many. Thus, the bacillus has been 
found in the sweepings of rooms (Manfredi at Naples, Marpmann 
at Leipzig), on fruit exposed for sale (Schnirer), in the wards of 
hospitals (Strauss, Le Noir), in books, in the bodies of flies 
(Nuttall, Andr£), on clothes (Josephson, Notel, Chauss£), as quoted 
by Etienne Burnet: ‘ Ou trouve comme une quintessence des 
poussiferes atmosphferiques dans ces poussiferes fines que l’on pompe 
par le vide (vacuum cleaner); avec elles s’est d£pos6 ce qu’il y a de 
plus 16 ger dans ce que soul&vent nos semelles et l'intense circula¬ 
tion de nos rues, et ce que crache une population malheureusement 
trop insouciante.’ 

As stated by Del6pine, the difficulties of elucidating the causes 
of an infectious disease depend on the fact that we must take account 
of the various ways in which the predisposing and determining 
factors have combined in their action, and the difficulties “are 
increased when we attempt to assign to each its appropriate share. 
He groups these factors under the following heads: (i) Distribution 
and habits of the pathogenic organism. (2) Conditions influencing 
its number. (3) The pathogenicity and toxicity of it, or, in other 
words, the conditions influencing its virulence. (4) The oppor¬ 
tunities which the organism may have of gaining access to one or 
more channels of infection. (5) The conditions influencing the 
resistance which any possible host may be capable of opposing to 
the attacks of the organism. (6) The frequency and degree of 
completeness of recovery from occult or manifest infection. This 
comes into play more with regard to the question of adult tuber- 



culosis, whereas the present investigation is concerned with the 
disease as found in children. 

Of these factors those of special importance are the number and 
virulence of the organism on the one side and the degree of 

resistance which the subject attacked may be able to oppose on the 
other. 

There appears to be no doubt that the resistance set up, if not 
adequate for the destruction of the organism, even contributes 
indirectly to an increase in the virulence of the latter. Thus, an 
organism, e.g ., the Bacillus tuberculosis of reduced virulence in 
milk, after inoculation was found to gain in virulence according as 
the distance from the site of inoculation increased. The resistance 
offered to the invading organism being insufficient to destroy it, 
trained it, as it were, to develop more inimical powers of attack, so 
that, as the bacilli overcame successively the barriers placed in their 
path, they increased not only in virulence but in number also, just 
as the Virus fixe of rabies was obtained by Pasteur by means of 
passage of the street virus through a series of animals. This process 
has been designated a ‘ reinforcement by relays.’ The overcoming 
of this resistance by an organism of feeble aggressive powers of 
course takes time whether the delay is caused by the small number 
of organisms, or by their being of reduced virulence, or by the 
greater degree of resistance set up leading to a ‘ relatively reduced 
virulence.’ One or other of these, acting singly or in combination, 
may be adduced to account for latency. 

Where cases are met with in which death occurs at such a tender 
age as 22 days (No. 128),* 24 days (No. 214), 29 days (No. 180), 
and 7 weeks (Nos. 63 and 114), one is naturally led to enquire into 
the question of congenital and hereditary tuberculosis. 

The possible modes of congenital infection are, of course, either 
by the ovum or spermatozoon, or via the placenta from a tuberculous 
mother. As regards the first of these, as Adami states, ‘ the microbe 
of an infectious disease cannot be a constituent of the biophore. At 
most it can be an accidental inclusion in the surrounding non- 
heritable matter of the cell.’ The human ovum, being practically 


# The serial numbers refer to those contained in a table showing the post-mortem findings 
of the 300 cases of tuberculosis under consideration. The Editors regret that it is not possible 
to reproduce this table, 
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free from yolk and not being phagocytic, cannot take up the bacilli, 
while it is still more improbable that the minute spermatozoon could 
carry them. Repeated observations go to show that the semen of 
a phthisical patient (Rohlff, Gaertner) does not contain as many 
as ten bacilli, and as the average human seminal ejaculation is said 
to contain over 200 million spermatozoa, the chances that a single 
spermatozoon which fertilises the ovum should carry a bacillus are 
about one to twenty million. For practical purposes this mode of 
infection may be regarded as impossible. The second method, via 
the placenta of a tuberculous mother (or perhaps through the walls 
of the foetal sac, or passing to the foetus before the sac forms), has 
been shown to be possible; in fact, intra-uterine acquirement of 
disease as distinct from inherited disease is proved. Such trans¬ 
mission of the tubercle bacillus from parent to child in utere, is 
however, undoubtedly very rare. Thus Schluster, who examined 
into the records of the reported cases, as mentioned by Latham, was 
able to collect only twelve showing clinical evidence of tuberculosis 
at birth. Furthermore, in the majority of instances, the organs of 
foetuses born of tuberculous mothers yield only negative results when 
inoculated into guinea-pigs. 

The theory of diathesis—the question as to whether the children 
of tuberculous parents suffer from a greater liability to tuberculosis 
from enhanced susceptibility resulting from ‘ paratuberculous lesions ’ 
due to toxic action on the germ cells—the hereditary transmission of 
constitutional predisposition to tuberculosis, is being relegated more 
and more to the realms of improbability as modern knowledge, with 
its insistence on accuracy of detail, demands facts and proofs in 
place of nebulous hypotheses. 

The dominating factor in the incidence of tuberculosis is the 
opportunity for infection; in other words, the greater the oppor¬ 
tunity for infection the greater is the incidence and the mortality 
from this disease. Can we argue *that the reverse of this also holds 
good, namely, that a high incidence and mortality mean greater 
opportunities for infection? Probably we can, as will be shown 
later when the local conditions are mentioned. 

It would appear to be established that under certain circum¬ 
stances, no matter what the * diathesis ’ may be, infection can always 
be effective. To prove that some children inherit a predisposition 
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to tuberculosis, the incidence of the disease amongst the offspring 
of tuberculous parents and amongst equal numbers of non-tuberculous 
parents would have to be compared, and, furthermore, it would be 
essential that both should be subjected to the same environment 
from birth, as McFadyean has pointed out. Even then we must 
bear in mind the fact that the former will have been exposed to 
infection during the intra-uterine period, so that the conditions for 
comparison will not be strictly impartial. To compare, as has been 
done, the death-rate from tuberculosis amongst members of the two 
categories—the children of healthy parents on the one hand and 
those of tuberculous parents on the other—is fraught with fallacy, 
as the after conditions are so diverse. To make them more equable 
it would be necessary for the children of healthy parents to be bom 
in infected houses or be placed there at birth, clearly an impossible 
condition except by mere accident. 

The children of tuberculous parents are thus handicapped in 
several ways, each of which plays a part in rendering fallacious the 
comparison of their death-rate with that among children of healthy 
parents. The chief of these disturbing factors would be: (i) Intra¬ 
uterine exposure. (2) Birth in infected surroundings, and, therefore, 
greater liability to infection while young. (3) The dose of infecting 
material is likely to be large. (4) This dose is probably frequently 
repeated. 

That the intra-uterine period may be dangerous to the child 
from the point of view of tuberculosis has been definitely proved, 
though the cases on record are very exceptional. Thus Schmorl 
and Birch-Hirschfeld, and Schmorl and Kockel, have described 
cases in which the bacilli were found in the placentae and the 
foetuses of tuberculous mothers. More recently Friedmann reported 
the finding of two cases of tuberculous infection by the placental 
route. 

So much for the question of hereditary transmission of the 
Bacillus tuberculosis . As regards environment no one now disputes 
the importance of this factor in producing the disease, but though 
comparison is difficult in human beings owing to the variety of 
disturbing factors, as has already been stated, in animals we can 
better arrange conditions to suit our purpose. The experiments of 
Trudeau may be referred to in this connection. He inoculated 
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rabbits with tuberculosis and allowed some to run wild, whereas 
others were kept in a damp, dark place. Most of the former 
recovered, while the latter rapidly succumbed. 

In cattle an analogous condition is found. As McFadyean 
states: * All breeds and strains of cattle are susceptible to tuber¬ 
culosis, and when the environment is the same the incidence of the 
disease is the same in all breeds and strains.* He found that the 
conditions under which the cattle are bred and reared constituted 
the most important contributory factor according to the opportunity 
supplied by the environment for the transmission of the bacilli. 
Regardless of breed as a separate factor, the proportion of cases of 
tubetculosis furnished by any breed is high or low according as the 
cattle are or are not in close association with other diseased animals. 
Calmette’s experiments lend additional support to the same fact. 
He found that cattle which had been once infected nearly always 
recovered if they were carefully isolated, but if kept in prolonged 
contact with tuberculous animals they themselves became actively 
tuberculous. 

So in man no race is exempt; in other words, there is a racial 
susceptibility to tuberculous infection, but there is not sufficient 
evidence at present to enable one to say that any special 
predisposition is handed on by tuberculous parents to their 
offspring. 

We may summarise the matter by saying, firstly, that hereditary 
transmission of the bacillus is so rare that for practical purposes it 
may be declared negligible; secondly, that the incidence of tuber¬ 
culosis depends on two main factors, namely, the dose received and 
the virulence of the strain inoculated; in other words, the degree of 
exposure to infection and the resistance which the inoculated subject 
is able to put forward, this, in turn, being dependent largely on his 
environment; thirdly, that there is not sufficient evidence, at present 
at all events, to afford support to the theory that there is such a 
thing as inherited predisposition to tuberculosis. 

Before passing on to a more detailed description of some of the 
300 cases of death from tuberculosis, the morbid anatomy of which 
forms the basis of these studies, it will be advantageous to say a 
few words on the extent to which the foregoing points are 
exemplified in the conditions prevailing in Hongkong. 
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Generally speaking, the prevalence of the disease is closely 
connected with social and economic conditions—overcrowding and 
slums, poverty, insanitation, and squalor. The ingestion of 
tuberculous milk, which is supposed to play a large part in the 
production of tuberculosis, especially intestinal tuberculosis, in 
children in England, has no influence here, for the Chinese children 
do not drink milk, nor does it arise here from the use of tuberculous 
meat. 

The problems of tuberculosis in Hongkong are really social 
problems, and are, therefore, intimately connected with those of 
public health. The main causes of the prevalence of the scourge are 
the predisposing ones of overcrowding of the poor and the fact that 
the rooms inhabited by them are dark and the sunlight rarely enters 
them. They are still further darkened by gratings and shutters. 

With the first of these there is little if anything to be done; the 
population is great and the space for their accommodation relatively 
small; not only is floor space inadequate, but window space is less 
than it should be, and the windows are often closed and made of 
opaque or coloured glass, so that the penetration of light is reduced 
to a minimum. This latter question of the darkening of the rooms 
can only be improved by education. 

In an interesting paper on “ Sanitary Progress in Hongkong,” 
Dr. W. W. Pearse, the Medical Officer of Health, states with 
reference to the housing of the poorer Chinese that, the area being 
limited and the Chinese population large and constantly increasing, 
building sites have become very expensive so that the streets 
inhabited by this class of person are narrow, and the houses fronting 
on them high; in some cases the height is five times the width of 
the street. 

‘ It is usual,* writes Dr. Pearse, 4 to speak of the Chinese houses 
as being of one or more storeys, but as each storey was generally 
let separately, and as the occupiers of each storey used it as they 
would have used their single storey house in their native village in 
China, in effect these Chinese houses in Victoria were piled one on 
another, three, four and five high! 

'Another factor has contributed curiously to produce the ill- 
designed Chinese house of Hongkong. The floors of these houses 
are supported by China fir poles. A pole of more than fifteen feet 
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long of sufficient strength for a floor joist is not readily procurable. 
This has limited the width of storeys to fifteen feet. 

‘ In order to provide as much accommodation per floor -as 
possible, i.e. f to make building pay, the area of a floor has been 
obtained by increasing its depth out of all proportion to its width. 

' Hence a Chinese house in Hongkong has been a veritable tunnel 
fifteen feet wide and forty, fifty and even sixty feet deep. . 

‘ Excepting corner houses only, windows to light and ventilate. 
these tunnels were possible only at the front and in front of these 
were verandahs. 

‘Windows at the rear of houses were not at first considered 
necessary, and many houses were built back to back, with no yard 
or ventilating shaft between them. On each floor the rear portion 
was cut off by a partition wall to form a kitchen. Such kitchens 
were small, generally under 150 square feet in area, very dark, and 
often with no means of ventilation other than the door communi¬ 
cating with the main portion of the floor. These kitchens were 
drained by vertical earthenware waste pipes which, in the case of 
back to back houses, were carried down through the building to 
discharge over a gully trap in fhe kitchen on the ground floor.’ 

From time to time laws have been passed to improve the housing 
conditions by providing open spaces of a defined minimum area 
at the rear for ventilation. Later, all new houses were required to 
have larger back yards, and also scavenging lanes. Further, 
regular systematic cleansing of the Chinese houses was instituted 
(in 1903) and certain repairs effected. These measures were really 
directed towards the eradication or limitation of plague, and were 
aimed at affording protection from infestation with rats. 

The method of cleansing the houses is carried out in the following 
manner four times a year: the furniture is turned out, the bed-boards 
and such like are dipped in 1 per cent, kerosene in water, in order to 
get rid of vermin; the floors also are sprayed with the same liquid. 
All rubbish and dirt generally are removed, and an inspector makes 
a careful examination to see if any floors need repair, if any gratings 
are missing, and, so on. 

The accompanying diagram, kindly drawn for me by Dr. W. J. 
Woodman, late Acting Medical Officer of Health for Hongkong, 
and now M.O.H., Kewleen, shows the arrangement and mode of 
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occupation of a typical ‘ floor ’ of a modern Chinese house in these 
districts. 

The foregoing constitute the main predisposing causes, but the 
direct cause of the prevalence of tuberculosis in Hongkong is, 
facile princeps, the expectoration habit. Nearly all writers on 
tuberculosis in the tropics note this peculiar trait. In the houses 
of the poor a person will expectorate anywhere on the floor, or, if he 
is ill in bed, on the bed clothes. Owing to the unavoidable over¬ 
crowding in the poorer districts the children play about on the 
floor, putting everything into their mouths, breathing a vitiated 



atmosphere and one often tubercle-laden. These are the reasons for 
the extensive prevalence of tuberculosis among the native population 
here and for the relatively high proportion of cases met with among 
children. A subsidiary but analogous cause is that manner of 
feeding their infants which many mothers, themselves tuberculous in 
some instances at least, indulge in, of first chewing the food and 
then placing it in the mouths of their babies. 

Further, experiment has shown that there is considerable danger 
of transmission of tubercle bacilli from one person to another by 
means of eating utensils, if these are uncleaned. In China the eating 
together in common, the using of the same general dish, the insertion 
of individual chopsticks into the food supplied for the meal, the 
transference of food with the chopsticks of one person to the mouth 
or dish of another—all these afford a ready means of conveyance of 
the organism, but readily preventable when it once comes to be 
recognised. 

These, however, are not so important as the one first named—the 





expectoration habit—for intestinal tuberculosis, as shown in this 
series, is not the common mode of infection of children out here. 

Dr. Chaussl compared the infection arising from dried sputum 
and that from droplets of sputum and saliva directly inhaled, and 
laid stress on the fact that it is exceptional for those living with 
tuberculous subjects to receive directly the cough of the latter, and 
the droplets are very soon diluted with a large quantity of air, and 
thus danger is lessened. Further, these droplets dry very quickly 
and their virulence is probably much diminished in ten days. 
Deposition occurs in a few hours at most, and, owing to the 
deposition and the drying, the droplets become reduced to the 
condition of infective dust. ‘ Les gouttelettes bacillaires elles-mSme, 
comme facteurs de contagion de la phthisie jouent la plus grande 
partie de leur r 61 e apres leur dep6t et sous la forme de poussiferes 
seches, de nouveau mobilisees dans 1’atmosphere.’ 

When no precautions are taken, and this is the rule, the clothes, 
bedding, etc., are soiled by the virus in large quantity. Then the 
making up of the bed, brushing of clothes, sweeping the floor, 
distribute the organisms so that healthy contacts become exposed to 
infection every day and all day long, for this dust may remain 
suspended for several hours. Moreover, currents of air, movements 
on the part of the patients, continually put the dust in motion. 

Then, when the colder months come on the Chinese take out their 
old clothing which has been stored away in some cupboard or dark 
corner and wear that over their other garments. When the house 
cleansing takes place these clothes are not disinfected, so that they 
are nearly, if not quite, as infectious as when they were laid aside 
at the termination of the previous cold weather. 

Nuttall has estimated that a patient with open tuberculosis may 
expectorate four thousand million bacilli daily. In a dark, shut-in 
room the chances of infection for a child brought in contact with 
such a case are enormous. During the crawling age these chances 
are still greater. It will be seen on perusal of the age table appended 
that of the two hundred and twenty-five cases under ten years of 
“age, one hundred and sixty-three, or ? 2‘8 per cent., were three years 
old or less, and one hundred and eighty-five, or 82*2 per cent., 
under four years. Further, Dieudonn 4 of Warzburg (1903) has 
proved that the nasal secretion and dirt on the hands of children 
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during the crawling age, say nine months to three and a half years, 
in a very large proportion showed the presence of tubercle bacilli. 
The opportunities for the repeated infection of a child of the crawling 
age in* contact with a person suffering from open tuberculosis, or even 
living in a room previously occupied by such a person, are enormous. 
The danger of infection from tuberculous members of a family is not, 
according to the weight of evidence now available, due to the mere 
‘tendency to infection/ or even to the increased probability of 
infection per se, but is to be ascribed to the probable large size and 
frequency of the infecting doses. It has been shown experimentally 
that small repeated infections may be protective, but large ones 
overwhelm. Thus is explained the apparent antagonism of 
Calmette’s and of Bryant’s experiments. The former have already 
been mentioned with reference to single or repeated infection of 
cattle, either directly or by keeping them in contact with tuberculous 
animals. Bryant, after injecting guinea-pigs with a small number 
(eight) of bacilli daily for a time and then every three days for a 
period of four months, found lesions indicative of great resistance. 

The conditions m Hongkong, as has been pointed out, are 
analogous to the experiments of Calmette. It is needless to labour 
this point further, but in conclusion mention may be made of 
Theobald Smith’s statement in the Journal of the American Medical 
Association : * The resistance of the tuberculous animal to super¬ 
infection is readily broken down by slightly increased dosage, and 
is successful only when very minute doses come into play.’ 

As already mentioned, the prevalence of tuberculosis is closely 
connected with social and economic conditions—overcrowding and 
slums, poverty, insanitation and squalor. With regard to over¬ 
crowding, little, if anything, can be done; the space available is 
limited, and the population is relatively large and is increasing. 
The question reduces itself, for practical purposes, to the finding of 
a remedy for the spitting habit in the first place. The use of food 
utensils, bowls, chopsticks, etc., in common probably plays a very 
subordinate part, as has been stated above. To exact, or rather to 
inflict fines for spitting in public would be useless for several reasons : 
firstly, the offenders cannot afford to paty fines; secondly, the native 
police are every bit as bad offenders in this respect as the rest; 
thirdly, I am convinced that it is the expectoration on the floors of the 
rooms in which the people live that is the chief source of the bacilli. 
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so that, even if expectorating in public out of doors were stopped*-* 
‘ a consummation devoutly to be wished 1 on other accounts than the 
risk of disseminating tubercle bacilli—there would be no deterrent 
to a man exercising the privilege in his own rooms, unless his wife 
objected, and this she would not do seeing that she also freely 
avails herself of a like privilege. We are, therefore, reduced to the 
slower but more certain method—Education, and the question 
naturally fellows: How and by whom? European doctors would 
be of little, if any, use directly. They do not come into contact 
with the poor to any extent, and they would not be listened to even 
if they could succeed in making themselves understood. The 
Chinese doctors would have a better chance, and, therefore, much 
may be hoped from the locally qualified practitioner who comes more 
into contact with the people, both at the hospital during his years 
of training and also after he graduates and goes into practice. 

Better still would it be to attempt to instruct the people in their 
houses, and this, I venure to suggest, could be accomplished in the 
following way :—The Y.M.C.A. and the Y.W.C.A., to which many 
of the better educated classes belong, have courses of lectures from 
time to time on various subjects. Like all the laity they are 
interested in medical questions, and there is no reason why popular 
(or, to use Huxley’s preferable term, people’s) lectures and 
demonstrations should not be given at these institutions, and such 
lectures cn medical subjects never fail to draw. This would form 
a nucleus, and from among the members, the women more than the 
men, some would certainly be found to spread the glad tidings of 
the gospel of health, at first in their own homes among their servants, 
and later tactfully to promulgate the doctrines they had been taught. 
After a time a regular system of district visitors (in the medical sense) 
might be inaugurated; these would not only instruct the mothers in 
child welfare and the dangers of feeding their children in the way 
indicated earlier, but would instil into the adults, and, through 
them, the growing children health principles generally. The 
teachers of the Chinese attending British schools might also with 
advantage incorporate elementary hygienic principles as object 
lessons for their pupils. Then the question of the establishment of a 
tuberculosis dispensary would come up for consideration. The Chinese 
are very fond of their children, and the appalling mortality from 
tuberculosis must be ascribed to ignorance and not to perversity. 



Shoeing distribution of the 300 cases according to age and sex. 
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THE PREVALENCE AND CHARACTER 
OF TUBERCULOSIS IN HONGKONG 


BY 

HENRY HAROLD SCOTT 
(Received for publication I July , 1921) 

II. THE PORTALS OF ENTRY AND MODE OF SPREAD 
OF TUBERCULOSIS 

The skin route a§ a portal of entry for tuberculosis which 
becomes widespread is negligible; the nose and mouth are the only 
ones worthy of serious consideration, and from the bacillary point 
of view a certain amount of exchange between the respiratory and 
alimentary tracts is possible; inhaled bacilli may be returned by 
ciliary action of the epithelial cells and swallowed, while the latter 
may in turn rise to the level of the larynx and be inhaled. 

That bacilli when ingested can pass through the intestinal walls 
and affect the mesenteric glands without leaving any trace of their 
passage is a well-recognised fact, and they may also traverse or 
grow in and be transmitted from these glands to the lungs and 
elsewhere. 

Experimental evidence goes to show conclusively that a very 
much larger dose of bacilli is needed to set up the disease by way 
of the alimentary tract than by the respiratory. In fact, there is 
considerable difficulty in infecting animals by feeding. As Cobbett 
states: 4 The intestine is well guarded. It is otherwise with the 
lungs. While not open to the attack of common bacteria in anything 
like such numbers as is the intestine, it ( i.e the lung) has not 
developed equal powers of defence, and tubercle bacilli when they 
enter the bronchi can effect an entrance (*.£., penetration) and cause 
tuberculosis in numbers which would be powerless for harm if 
swallowed.* Thus, Gebhardt, working with diluted sputum, found 
that eight hundred bacilli sufficed to infect by inhalation, while 
ten to twenty millions failed when swallowed. Kossell, Weber and 
Heuse found that 1 milligramme would infect calves t>y inhalation, 
while one thousand times this dose given by feeding only caused 
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minimal lesions. More recently, Weber and Titze showed that it 
requires at least io mgrms. of bacilli to infect a calf by feeding, 
while i/ioo mgrm. may succeed when given by inhalation. Findel 
infected dogs by inhalation with doses down to 014 mgrms., while 
feeding with doses up to 63 mgrms. produced no effect whatever. 
Also sixty-two bacilli would constantly infect guinea-pigs by 
inhalation, even twenty sufficing in some cases, and in very young 
animals even five. He gave other guinea-pigs doses up to twenty 
thousand bacilli by feeding, but failed altogether to infect. Many 
species of animals, including calves, goats, dogs and guinea-pigs, 
are vastly more susceptible to infection by way of the air passages 
than by way of the alimentary canal. 

The same investigator, Findel, again showed that five million 
tubercle bacilli when inhaled by a dog caused extensive tuberculosis 
of the lungs, while one thousand two hundred and twenty times that 
dose when given by the stomach produced no effect. As regards 
guinea-pigs, in some experiments as small a number as twenty bacilli 
were sufficient to cause pulmonary disease when inhaled, whereas the 
animals were able to withstand three hundred and eighty-two 
thousand times that dose when introduced into the alimentary canal. 

Passing from these animal experiments to human cases, an 
interesting and instructive example was brought forward by Cautley 
in which one hundred and fifty-one children and two hundred and 
nine adults were unconsciously subjected to feeding experiments 
by consuming milk from tuberculous cows. Of these three hundred 
and sixty individuals 'only two of the children were affected, and 
they merely had a mild adenitis. . . They had taken the milk 
for a year and a year and a half respectively, and the milk was from 
cows with virulent disease of the udder. Such cases imply that to 
secure human infection by tuberculous milk the requirements are: 
youthful age, a badly infected milk, and the prolonged ingestion of 
such milk.’ 

Judging from this and the foregoing experimental work, we may 
say that the probabilities, when one finds what is apparently a 
primary lung infection, are that the condition has actually arisen by 
inhalation and not by way of the digestive tract. . A more detailed 
consideration of the site of origin and the mode of spread in 
individual cases is given later with illustrations from this series. 

The tonsils have been regarded by some as the portal of entry 
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for the bacilli, and they quote tuberculosis of these glands in support 
of their view. But as there is usually a focus in the lungs as well, 
it is rarely possible to say whether the primary site of infection was 
tonsil or lung, or whether both may not be secondary to another 
portal. As Austin says: 1 Examples of apparently isolated tuber¬ 
culosis of the tonsils should be regarded with reserve, as the presence 
of latent foci in the lungs can never be excluded.* Excised tonsils 
of forty-five children (aged 2 \ to if, years) examined for tuberculosis 
by inoculation into guinea-pigs, by histological examination of 
sections, by cultures and by smears, all proved negative except one 
inoculation; we can say, therefore, that infection of the tonsils is 
uncommon alone. In fact, in most cases of tuberculosis of the tonsils 
lesions are found elsewhere, especially in the cervical glands, and it 
is rare to find tubercle bacilli in tonsils of children without clinical 
evidence of tuberculosis. 

' By those who hold that pulmonary infection arises through the 
cervical glands/ says Dr. Whipham, ‘various routes by which the 
tubercle bacilli may gain access to the lung have been suggested: 
first, that from the cervical glands they enter the lymph stream, and 
by means of the lymphatic vessels enter the venous system, and so 
are conveyed to the lungs; secondly, that their path is from the 
cervical to the supraclavicular glands, and thence to the apex of the 
lung; thirdly, that from the cervical they pass to the bronchial 
glands, and thence are conveyed to the blood-stream and the 
pulmonary tissues, though in this connection it must be remarked 
that no communicating channels between the cervical and bronchial 
glands have been shown to exist/ 

The usual modes of entry and extension are, of course, the 
following: — 

(1) Mechanically with air, food, secretions, and so on, as for 
example when inhaled bacilli lodge in some spot and produce a focal 
lesion or are returned by the action of the ciliary epithelium, as has 
been mentioned already; or a focus having formed, the material 
bearing organisms finds its way into a bronchus, the bacilli pass out 
and are swallowed or are drawn into another bronchus to set up the 
condition afresh there. 

(2) By direct extension through the tissues with caseation of the 
parts first affected and involvement of the new tissues by contiguity. 

(3) By way of the lymphatic channels which become invaded by 
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this contiguous extension. Jhe bacilli thus pass to the next lymph- 
node, and so on by the lymphatic vessels till the thoracic duct 
conveys them to the left subclavian vein and the lymphatic mode of 
spread then becomes * 

(4) Dispersion or distribution by way of the blood-stream; 
thence they spread by the right side of the heart to the pulmonary 
1 arteries, and so to the lungs generally. Or, by the extension of a 
'focus and erosion of the wall of a blood-vessel, they may pass by 
way of the pulmonary veins to the left side of the heart and thus to 
the whole systemic arterial distribution. Or yet again, by opening 
into a smaller artery will invade the area supplied by that vessel. 

Cobbett, in his summing up, expresses his opinion in these 
words: ‘ While I have no doubt that tuberculosis is frequently of 
intestinal origin, especially in children, inhalation is the common 
mode of infection, not only in phthisis, but in other forms of 
tuberculosis, especially those in which the bronchial glands seem to 
be the parts first affected.’ 

In temperate climates isolated primary tuberculosis of the 
intestines, rarely seen in adults, is not uncommon in children 
(estimated at 25 per cent, according to some authorities); in tropical 
countries, judging from my experience in the West Indies (Jamaica) 
and. the Far East (Hongkong), this route, or rather portal of 
primary entry, is not proportionately so common. Moreover, in 
temperate climates primary intestinal tuberculosis in children is 
usually ascribed, if not always traced, to the swallowing of the bacilli 
in quantities in infected milk. This is certainly not the case here. 

It is probable that the intestinal infection is in the majority of 
cases secondary to lung tuberculosis from swallowing the sputum, 
even in children, and when definitely primary is due to direct 
ingestion of the bacilli from dried sputum in infected dwellings. 

With this preliminary clearing of the ground we are in a position 
now to examine the extent to which these conditions as regards the 
portals of entry are borne out in my series. 

Of the whole three hundred cases there were two hundred and 
nine in which the primary portal of entry appeared to be by the 
respiratory tract, t.e., 69 66 per cent., and in seven others which are 
discussed later there was considerable evidence in support of the 
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same portal, bringing the total to two hundred and sixteen, or 
72 per cent. 

Only thirty-two have been definitely determined as being of 
alimentary origin, i.e., 1066 per cent.; five more, discussed below, 
were very likely alimentary; this would bring the total to 37, or 
12 33 P er cent - 

In four other cases there was a possibility of almost simultaneous 
entrance by way of the respiratory and alimentary tracts. In the 
remaining cases the primary portal was uncertain. A few remarks 
are given subsequently on each of these. 

The number of cases occurring in adults in. this series is 
proportionately small, insufficient at present to form a useful basis 
for study in detail, and the main objects of this investigation have 
been the prevalence and character of the disease in children. Of the 
three hundred cases there were two hundred and twenty-five of ages 
up to ten years, and each consecutive hundred contained very similar 
proportions; thus there were seventy-six in the first, seventy-three 
in the second, and seventy-six in the third. As regards the sex and 
ages of those comprising the three hundred, the table (see p. 225) 
shows that one hundred and fifty-five were males and one hundred 
and forty-five females. It will be noted that after adult life the 
cases in males preponderate. Whereas in children up to the age 
of ten years the proportion of males to females is about as 4 : 5, after 
the age of twenty years the proportion is as 3 6: 1. This does not 
mean that the males are more subject to tuberculosis in adult life 
than are females. When ill the Chinese exhibit strongly the homing 
instinct, and make every effort to return to their birthplace to die. 
The females can more easily do this; the males would if they could, 
but they in many cases have to remain at work until it is too late. 

Of the two hundred and twenty-five children under ten years 
of age there were one hundred and twenty-six females (i.e., 
56 per cent.) and ninety-nine males (44 per cent.). This is not of 
much significance when we bear in mind that the female child in 
China is not considered of much account, and among the poorer 
classes from which these records have been made, the females are less 
well looked after. This is shown by the relative proportions of sexes 
for the early months of life. 





Of the two hundred and twenty-five cases under ten years of age, 
then, one hundred and forty-eight, or 6577 per cent., were found 
in whom the portal of entry was respiratory, and in five • others 
(discussed later) there was a strong probability of a respiratory 
origin, in which case the percentage increases to 68. 

Only thirty-one of these two hundred and twenty-five cases 
appeared to be definitely of alimentary origin, 1377 per cent., 
while among those of ‘ uncertain portal 9 were three others in whom 
the evidence for the alimentary route had considerable weight; if 
these be included the total percentage would be 15*11. Cases of 
isolated primary tuberculosis of the intestine are very rare here in 
my experience. In fact, only four were met with, namely, Nos. 7, 
8, 81, and 112. The great majority, then, have a respiratory portal 
of entry, the proportion to alimentary being as great as between 
four and five to one. 

In the following the primary portal was not determined with 
certainty. It will be of interest to give a brief note on each of them. 

No. 15. Female, aged 22 months. 

The extensive spread of miliary tubercles in the lungs, the meninges, liver, 
spleen, etc., indicate spread by the systemic blood-stream, possibly after the 
pulmonary circuit, but the only focus found was the caseating right broncho¬ 
pulmonary gland; how this became affected without some preceding lung focus 
I cannot say, but minute search failed to find any. Except for the gland all the 
tubercles appeared to be of the same age and recent. 

No. 27. Female, aged 1 year. 

There were two foci in the lower lobe of the right lung and miliary of the 
same lung with corresponding glandular affection, the gland at the left hilus 
probably by extension, the left lung not being affected. The intestine .showed 
tuberculous ulceration and the mesenteric glands were in large caseous masses; 
the spleen was the only viscus with tubercles. If the primary portal were alimentary 
and the spread to the lungs via the thoracic duct, one would expect both lungs 
to be involved. In favour of the respiratory origin of the lung condition are the 
foci in the right lower lobe and the glandular involvement. The ages of the 
pulmonary and the intestinal conditions would appear to be about the same, and 
there is the possibility of the simultaneous entry by both routes. 

No. 33. Female, aged 4.years. 

A few miliary tubercles were scattered throughout the right lung and over 
the right visceral pleura; the superior tracheo-bronchial gland on the right was 
enlarged and contained creamy pus; the hilus glands were swollen. The left 
lung and glands showed no involvement. There were a few miliary tubercles 
over the spleen surface ; miliary also at the base of the brain, especially about the 
interpeduncular space. Minute search failed to find any focus, unless the glandular 
abscess constituted it 
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No, 34. Male, aged 1 year. 

In this case the broncho-pulmonary glands and some of the tracheo-bronchial 
were enlarged and caseous; minute search, however, failed to find any focus 
in either lung. The mesenteric glands were also, some of them, enlarged and 
caseating, but not adherent. The state of the mediastinal glands would warrant 
one in expecting to find a lung focus. In this connection may be quoted the 
results of experimental work by Calmette, Guerin, and Breton. They found 
that in guinea-pigs dying in two to four weeks after being fed on the bacilli the 
mesenteric glands (especially the superior deriving from the small intestine) were 
enlarged and inflamed, although no trace of any intestinal lesion could be deter¬ 
mined. After 6-7 weeks these glands were caseous in greater or less degree and the 
lungs showed involvement by miliary tubercles with affection of the corresponding 
tracheo-bronchial glands. Hence in the present case the probability might seem 
to be primarily alimentary setting up mesenteric adenitis and mediastinal glandular 
affection secondary to this. 

• N. 35. Female, aged 2 years. 

Infection extensive : broncho-pneumonic phthisis of the right lung with 
cavitation in the middle lobe ; the left lung contained miliary tubercles all through, 
but no focus; mediastinal glands, as would be expected, were more affected on 
the right. The intestines showed numerous ulcers, one having perforated, and the 
mesenteric glands were large and caseous; the liver and spleen showed miliary 
tubercles, the latter more than the former, but the kidneys and brain showed 
none. The intestinal ulceration being so extensive, together with the condition 
of the mesenteric glands, favour the infection being primarily alimentary whence 
extension took place via the thoracic duct to the lungs, though the right lung 
was more affected than the left. On the other hand there had been time for 
cavitation to arise so that the intestine might have become involved through 
the swallowing of infected sputum. Here again the respiratory and intestinal 
conditions did not appear to differ greatly in age, and it is quite possible that the 
two-fold route was taken. One must always remember that to infer the relative 
ages of two tuberculous lesions from the stages present is a proceeding liable to 
fallacy. 

No. 39. Male, aged 8 years. 

This case showed widespread infection though the course of the extension 
is difficult to trace. The oldest sites would appear to be : (i) The left ma$toid 
which was caseous and necrosed. As there was middle ear disease this may have 
been a condition apart from the tuberculosis; although caseous and necrotic, 
there was no actual proof of its being tuberculous in nature, (ii) Chain of large 
caseous cervical glands, more on the right than on the left, (iii) Thick caseous 
adherent peritoneum and mesentery as a vast cheesy sheet, (iv) Chain of large 
caseating mediastinal glands in relation to both lungs, (v) Focus in upper lobe 
of left lung, (vi) Mesenteric glands in large caseated masses. Other serous 
membranes—pleura and meninges—showed merely small miliary tubercles, in the 
latter limited to the base and not very numerous; the viscera—liver and spleen— 
showed none on section, merely a few on the surface ; the kidneys none, and the 
intestines none, except miliary on the peritoneal surface. The disease would, 
therefore, not seem to have been a generalised blood-stream infection. 

Was the primary portal of entry the intestine, affecting the mesenteric glands 
and the peritoneum without leaving any trace in the intestine itself, and thence 
spreading via the thoracic duct to the lungs ? Or was the mastoid primary, thence 
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affecting the cervical glands (but tbe mastoid affected was the left while the glands 
were more marked on the right), and so by the blood-stream the lungs ? Or 
were the cervical glands affected via the tonsils (they showed no signs themselves), 
and thence the ear and lungs ? Or, lastly, was the primary route respiratory, 
thence to the mediastinal glands and to the blood-stream, and by the sputum to 
the alimentary canal ? 

No. 50. Male, aged 3 years. 

Focus in the left upper lobe and miliary throughout both lungs; extensive 
intestinal affection—ulcers in both large and small intestines, mesenteric glands 
in caseous masses. Miliary tubercles in liver, spleen, and kidneys, but not in the 
meninges or brain. The alimentary appears a little older than the respiratory. 
The question is whether there was infection by double route, respiratory from the 
focus in the upper lobe of the left lung, and the intestine separately, or whether 
intestines first, thence by the mesenteric glands to the thoracic duct and lungs 
and then generalised; but, if so, why should the meninges not show any involve¬ 
ment ? Or, again, the lung focus may have been the primary condition, the 
intestines have become affected from that by swallowing the sputum, and from 
the intestines the mesenteric glands, the lymphatic system, thoracic duct, superior 
vena cava, and again the lungs to produce the miliary condition there. 

N. 52. Female, aged 4 years. 

The distribution in this case was fairly general but showed certain peculiarities. 
There were a few minute tuberculous ulcers in an early stage in the small intestine 
with tubercles on the corresponding serous surfaces. The mesenteric glands, 
though not large nor adherent, were caseous. The peritoneum and omentum 
were thick and studded all .over with tubercles varying from miliary to the size 
of large hempseed. As regards the viscera, the liver and still more the spleen 
showed miliary and grey tubercles, but on the surface only, none were seen on 
section. A remarkable thing, however, was that the ovaries were both enlarged, 
almost to the size of adult ovaries, and contained caseous masses, or rather consisted 
of a caseous mass in each case, the left a little larger than the right. The right 
lung contained two foci in the lowest lobe, the size of a pea, miliary tubercles 
throughout, and a more closely-packed mass of grey tubercles subapical in position ; 
the superior tracheo-bronchial and tracheal glands were enlarged and caseous. 
The left lung showed miliary tubercles throughout, with closely-packed milia on 
the somatic pleura; none such were seen on the right. The pericardium also 
showed several miliary tubercles. There were a few scattered tubercles along and 
just above the right Sylvian fissure and some at the interpeduncular space. Which 
was primary is largely a matter of conjecture. For a single organ the ovary was 
the most extensively involved, each being converted practically into a cheesy, 
almost creamy/ mass. The two lung foci had a fairly hard caseous consistence 
and were well defined. The alimentary tract tuberculosis and the serous mem¬ 
brane involvement, particularly the latter, were extensive, of the miliary type, 
though, as stated, a few of the glands were caseous. 

No. 54. Female, aged 7 months. 

Pistribution widespread; from appearances the respiratory and alimentary 
involvements seemed to be of about the same age. There was a focus at the lower 
edge of the right upper lobe, extending a little into the middle lobe; miliary 
and grey tubercles were present elsewhere in the lungs, and the glands were caseous. 
Alimentary : ulcers in the small intestine, mesenteric glands adherent and caseous, 
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but not fused; liver and spleen showed a few miliary tubercles. The right kidney 
had a small mass occupying the pyramid at the lower pole. The meninges at the 
base contained several miliary tubercles. A cervical gland on the right side was 
enlarged and beginning to break down in the interior. The question is whether 
the lung focus was the primary (the enlarged gland on the same side would support 
this) from whence extension occurred to the blood-stream to be generalised and 
by swallowing of the sputum the intestinal condition ; or, whether from the lung 
primarily to the intestine and mesenteric glands, and by the lymphatic system 
to the pulmonary circulation to set up the miliary tubercles there; or, lastly, 
lungs and alimentary tracts together, then generalisation from the lungs to the 
systemic vessels and from the alimentary tract by the glartds to generalisation in 
the lungs again. 

No. 55. Male, aged 3 years. 

The right lung showed tuberculous broncho-pneumonia of the middle and 
lower lobes; the upper appeared to be quite unaffected. The middle contained 
at the lower part a cavity the size of a cobnut. The left lung consisted of three 
lobes and showed small ulcerated cavities throughout, the average the size of a 
pea, but rather larger in the middle lobe. Against the lung being primary is the 
fact that in spite of the extensive tuberculous condition of the organ the glands, 
though a little swollen and congested, showed no obvious tuberculous infection. 
On the other hand, the mesenteric glands were enlarged and three of them were 
caseous, almost chalky, though the intestines showed no change to the naked eye. 
The possibility is that the alimentary route was primary and thence affecting the 
lungs by the lymphatic system, the upper lobe escaping, and the hilus and other 
mediastinal glands not having become tuberculous before death supervened; or 
that, since the pulmonary condition was broncho-pneumonic (rather than miliary 
by way of the pulmonary circulation), the disease had originated by the respiratory 
route and the alimentary tract had become involved by swallowing the sputum. 

No. 58. Male, aged 14 months. 

In spite of the age of this child the conditions were such that the general 
distribution of the disease makes it a matter of conjecture as to the primary portal 
of entry. There were signs of tuberculous broncho-pneumonia throughout both 
lungs, with ulceration in the left lower lobe. Generalisation by way of the blood¬ 
stream may have taken place from this, causing the deposition of tubercles in 
liver, spleen, kidneys, and brain. The intestinal ulceration and the masses of 
caseous mesenteric glands may have arisen from swallowed sputum, but the intestinal 
condition appeared to be equally advanced as the pulmonary and may have arisen 
independently. The pericardium also was studded with miliary to pin-head 
tubercles. 

No, 59. Female, aged 4 years. 

There was marked kyphosis from extensive involvement of the vertebrae. 
The spinal site was probably the oldest. From the number of ulcers in the 
intestines, the large and small both being involved, and the mesenteric glands 
being in large caseous masses, the alimentary tract would appear to have been 
attacked prior to the lungs. The latter showed miliary tubercles throughout, 
but there was also a fair-sized focus (cobnut) just below the apex of the right 
lower lobe in an early stage of caseation. 
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No. 65. Female, aged 8 months. 

The peculiar limitation of the disease in the lungs to the middle lobe of the 
right, which contained a distinct focus the size of a pea and small miliary and grey 
tubercles throughout that lobe, Would be in favour of a primary (or at least 
independent) lung involvement, the alimentary tract being affected secondarily 
from swallowing the sputum. The mesenteric glands, however, were in large 
caseating masses and appeared to be of older standing than the pulmonary 
condition. 

No. 66. Female, aged 20 months. 

In some respects similar to the last. In this case the lung affection was limited 
to the right upper lobe in which there was a subapical focus, and in addition 
generalisation of small tubercles throughout that lobe. The disease was much 
more advanced in the alimentary tract—intestinal ulceration and large caseous 
masses of mesenteric glands—and this would point to an alimentary portal of 
entry. It is not improbable that the lung infection, though later, was independent 
of the intestinal. The condition of the brain (cerebellar mass) and meninges 
(miliary to hempseed on vertex and base) point to dissemination by the blood¬ 
stream, but no other viscera showed involvement, to the naked eye at least. 

No. 68. Male, aged 3 years. 

This case is remarkable in that, except for a hilus gland and a paratracheal 
gland on the right side as large as a cobnut and filbert respectively and caseous, 
no focus was found after careful search. There were sparse miliary tubercles 
throughout both lungs; in the meninges they were numerous, especially at the 
base, the interpeduncular space, the ependyma, along the Sylvian fissures, and a 
few on the vertex. The spleen showed also a few iriilia on the surface. There 
was no evidence of tuberculous affection of the intestines. 

No. 70. female, aged 7 years. 

In this child there was a mass of caseating glands on both sides, involving 
the inferior and superior tracheo-bronchial and the paratracheal, more on the right 
than the left; the broncho-pulmonary were not apparently affected. No focus 
was found in the lungs. The tonsils were not affected, nor the cervical glands, 
and the spine was examined without success. The alimentary tract was free. 
In the kidneys, however, there were in the left miliary and grey tubercles, not 
numerous; in the right more, and arranged almost focally as a group at the base 
of a pyramid towards the lower pole. 

No. 92. Male, aged 10 years. 

The primary portal in this case was probably alimentary. There were several 
ulcers, more in the large than small intestine, however, and a thickened tuberculous 
mass like a collar at the ileo-caecal valve. Mesenteric glands were enlarged, in 
masses, and caseating. The lungs showed tubercles varying in size from pin¬ 
point to small pea throughout, but the mediastinal glands did not show any 
tubercles visible to the naked eye, and only one was a little congested and swollen. 
Neither brain, liver, nor spleen showed any signs, but the kidneys were severely 
diseased. The right had the pyramidal areas hollowed and caseous; they had 
run together and were lined by thick tuberculous matter. The left was in a 
similar condition but to a less degree; calyces opening into each other with a, 
lining of tuberculous pus. The tuberculosis was, therefore, widespread, but if 
by way of the blood-stream it is peculiar that the kidneys should have been* 
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extensively affected while the brain, liver, and spleen escaped. The lung condition 
appeared to be more recent than the intestinal and may have arisen by way of the 
pulmonary circulation as previously pointed out. 

No. 95. Female, aged 8 years. 

In this case one of the inferior tracheo-bronchial glands was caseous and one 
of the superior {n an earlier stage, both on the right side, but minute search failed 
to find any tubercles in the lungs, The intestines were not affected, and no focus 
was detected anywhere. The meninges showed miliary tubercles in fair numbers 
at the base, fewer along the Sylvian fissures, and only an occasional one at the 
convexity. No tonsillar or retro-pharyngeal affection was detected. If the 
meningeal condition arose by inhalation, via the ethmoidal canals (as meningococcus 
may pass), then we have no explanation of the mediastinal gland affection. Anyway 
these do not appear to be accounted for, though the spread may have been from 
them by the blood to the meninges. 

No. 96. Female, aged 9 years. 

In this case both the respiratory and alimentary tracts showed such extensive 
involvement that the only doubt is whether the lungs, which were in a state of 
tuberculous broncho-pneumonia throughout, with cavitation in the right upper 
lobe and considerable ulceration in the middle lobe, were the primary seat and 
the intestine was involved later through swallowing the sputum, or whether the 
alimentary tract formed the primary portal of entry. The small intestine contained 
tuberculous ulcers; the mesenteric glands were in large caseated masses and 
adherent, and the peritoneum was studded with tubercles. Of course, there 
may have been infection by both routes nearly simultaneously. 

No. 100. Male, aged 5 years. 

In this child there was a cavity in the right upper lobe the size of a medlar, 
with grey tubercles surrounding it and smaller ones at a greater distance. No 
other part of the right lung was affected and the left showed nothing. There 
were pleural adhesions at the apex and direct communication with a tuberculous 
ulcer the size of a crown-piece above the right clavicle. Whether a supraclavicular 
gland had become infected from the lung direct and had then opened on the 
surface, or whether there was a primary affection of the skin which ulcerated and 
extended to the lung is doubtful. There was a tuberculous skin affection with 
early ulceration on the right cheek also. No other viscera showed any involvement, 
and no cervical glands were found enlarged. This may be an example of the 
mode of spread already mentioned. 

No. 104. Male, aged 16 months. 

In this the disease was widespread and the primary portal and mode of extension 
doubtful. The left lung showed two foci, one subapical in the lower lobe, the other 
nearer the lower edge, and each was surrounded by a zone of small caseating 
tubercles. The right upper and lower lobes contained miliary tubercles; the 
glands, hilus, and tracheo-bronchial were caseous and enlarged. In the alimentary 
tract there was nothing, but one or two mesenteric glands contained small foci. 
Milia were present in the liver, more and larger in the spleen. The meninges 
had masses of miliary tubercles at the base, and along the Sylvian fissures and in 
the interpeduncular space; a few on the vertex and internal surfaces of the 
cerebral hemispheres. The spine showed a large abscess the size of a Tangerine 
orange, involving the nth and 12th dorsal and the 1st lumbar vertebrae. Sug- 
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gested method of spread: Lung (left), then by inhalation the right, by the blood¬ 
stream to the liver, spleen, spine (injury possibly determining this site), and also 
by the sputum to the intestine and mesenteric glands; or, from the left lung 
foci by the sputum to the intestines and mesenteric glands, thence by the lymphatic 
system to the heart and pulmonary circulation, causing the miliary tuberculosis 
of the right lung, and also by way of the blood-stream from the lung to the liver, 
spleen, and meninges. But the spine focus must have been of considerable standing, 
’ for there was marked caries and an abscess formed containing caseous matter. 

No. 116. Female, aged io months. 

The right lung showed two distinct foci in the upper lobe : the larger subapical 
the size of a cherry and caseous, the smaller the size of a pea, near the interlobar 
fissure; the rest of the lung contained miliary tubercles. The left lung showed 
miliary to pin-head tubercles, sparse in the upper lobe, more in the lower. The 
mediastinal glands were enlarged, with caseating foci. The mesenteric glands 
(the upper set) were in a similar condition. The question is whether both the 
respiratory and alimentary tracts were involved simultaneously, or whether the 
lung focus was primary, the alimentary secondary, passing to the glands without 
leaving signs in the intestine itself. Thence by the lymphatic to the pulmonary 
circulation to set up the miliary tuberculosis there, and from the lungs via the 
blood-stream to the meninges, liver, and spleen. But, if so generalised, one would 
hardly expect the kidneys to escape altogether. 

No. 118. Female, aged 3 years. 

In this case the disease was exceedingly widespread and the portal of entry 
is a matter of conjecture. There were tuberculous ulcers of the right cheek, 
jaw, and neck; the right parotid, the submaxillary and cervical gfends on both 
sides, were caseous. There was tuberculous broncho-pneumonia throughout 
both lungs, the pleura showed many tubercles at the upper part of the somatic 
layer and all over the visceral; the pericardium was also affected. The peritoneum 
was studded with tubercles, miliary to pea, and the intestines contained a few 
tuberculous ulcers, both in the large and the small; the mesenteric glands, both 
upper and lower series, were enlarged, adherent, and caseated. The liver showed 
a few miliary, the spleen more and somewhat larger. In the right kidney was a 
small mass of aggregated tubercles at the lower pole, while in a corresponding 
situation in the left was a definite caseous focus the size of a cherry* There were 
aggregated miliary tubercles on the basal meninges, a few also on the vertical. 

No. 137. Male, aged 10 months. 

Disease was widespread and severe in this child, especially when one considers 
the age. The lungs showed a cavity in the lower lobe, a caseous focus in the 
middle, and miliary tubercles throughout the remainder of the right; in the 
left there were two caseous foci the size of a pea in the upper lobe, a caseous mass 
as large as a walnut in the lower, and grey tubercles through the rest of the lung. 
All groups of the mediastinal glands were involved. The mesenteric were enlarged, 
caseous, and matted, but appeared to be more recent than the thoracic. There 
were two tuberculous ulcers in an early stage in the small intestine. The femoral 
glands on each side were the size of a small walnut and caseous (the origin of these 
could not be discovered). The cervical glands on each side were caseous, especially 
on the right. The right kidney contained a small aggregation of tubercles at the 
lower pole; the liver a few miliary tubercles, the spleen more and larger* The 
meninges were not affected. As the respiratory and alimentary tracts were both 
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involved, and also some glands unconnected with either, it is difficult to say which 
was the primary portal, but the lungs would seem to be most involved and of 
oldest standing. 

No. 141. Male, aged 10 years. 

The oldest site in this case was to the right of the sixth cervical vertebra. 
The bone was carious, and there was a sac with pus discharging from it along the 
spine into the right pleural cavity (it may possibly have started as a retropharyngeal 
abscess). The right lung showed miliary tubercles throughout, not very numerous, 
but more in the upper lobe than in the other two. The left lung had none. 
There was a caseous gland at the right hilus. Tuberculous sinuses were present 
in both femora and in the left tibia. 

No. 145. Female, aged i\ years. 

Judging from the appearance, degree of caseation, etc., the primary portal 
may have been alimentary, but the disease was very widespread, the brain showing 
several foci. There were tuberculous ulcers in both large and small intestines, 
and the mesenteric glands were in adherent, caseous masses. The cervical gland 
infection was of fairly long standing also, those on the right containing creamy pus, 
those on the left being in a caseated stage. Both lungs showed grey tubercles, 
and the mediastinal glands were in caseous masses at the hilus and along both 
sides of the trachea. The brain showed: three distinct foci in the left lobe of 
the cerebellum, another in the right hippocampus, another in the left superior 
frontal, all these about the size of a pea or a little larger, and in the right supra¬ 
marginal gyrus one as large as a cherry—an extensive series of brain foci. 

No. 149. Female, aged 3 years. 

It is possible that the alimentary portal was the primary as this tract showed 
the greatest involvement (not a very safe indication, it is true). There were 
numerous ulcers in both large and small intestines, the mesenteric glands, both 
upper and lower series, were enlarged, adherent, and caseous. The lungs contained 
closely aggregated miliary and grey tubercles throughout, but no focus, although 
the mediastinal glands on both sides were caseous and the paratracheal on the 
right contained creamy pus. The brain was considerably involved: there were 
a few miliary tubercles in the basal meninges, many along each Sylvian fissure, 
and a few on the opposed surfaces of the cerebral hemispheres; in the cerebellum 
at the fore part of the left hemisphere on the upper surface there was a c solitary ’ 
tubercle, as large as a cherry, and towards the posterior another focus the size 
of a haricot; on the under surface of the right hemisphere was one the size of a 
filbert situated anteriorly, and at the posterior extremity another the size of a pea. 
As regards the course, it does not appear likely that the large tubercles in the 
cerebellum would be of the same standing as the miliary in the meninges. The 
intestinal appeared to be the oldest, the lungs probably secondary to this via the 
pulmonary circulation, for the distribution was equal over both lungs which were 
granular everywhere from miliary and grey tubercles. General blood infection 
was supported by the presence of a few tubercles in the liver, spleen, kidney, and 
meninges, and probably an earlier blood infection set up the various brain tubercles. 

No. 157. Male, aged 5 years. 

Lungs were granular in appearance from the presence of numerous grey 
tubercles. A gland at the right hilus was swollen and congested, but showed no 
signs of tuberculosis in it. Intestines nil. One mesenteric gland, the size of a pea, 
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contained small grey points. Both kidneys showed miliary tubercles, the left a 
little more than the right. There were railia also in the liver, spleen, and 
meninges. No focus could be found. The universality and evenness of the' 
pulmonary distribution poiqt to a haemic infection of the- lungs rather than a 
respiratory. 

No. 159. Female, aged 8 years. 

The condition in fhe lung3 and in the abdomen appeared to be of about 
equal development. There were two foci in the left lung, one in the upper lobe 
the size of a small cherry, caseous with a fibrous border, another in the lower lobe 
slightly larger. The right upper lobe showed tuberculous broncho-pneumonia, 
the middle and lower many grey tubercles. The mediastinal glands on both sides 
were enlarged and caseous. The alimentary tract showed several tuberculous 
ulcers in the small intestine, and the corresponding mesenteric glands were in caseous 
adherent masses. There is apparently equal evidence for respiratory and alimentary 
portals, and the stage in each is about the same. Possibly the double route was 
taken nearly simultaneously. 

No. 160. Male, aged 3 years. 

Miliary tuberculosis of the lungs and meninges, a few also in the spleen. Two 
paratracheal glands were swollen and contained two small caseous foci, and one 
at the hilus was enlarged and caseous. No focus was found anywhere. 

No. 164. Female, aged 6 years. 

The difficulty in this case is to decide, in view of the widespread condition, 
which was the primary portal of entry. There were old-standing ulcers beneath 
each ear, with caseated and breaking-down cervical glands. The right lung 
showed several foci, certainly not of recent production, one the size of a pea, deep 
in the upper lobe, another similar at the base of the lowest; a small cavity in the 
middle, and, at the upper part of the lowest, a large focus the size of a cherry, 
caseous, with surrounding tubercles and early ulceration. In addition to these 
there were milia throughout the lungs. There were tuberculous ulcers in the 
intestines; the mesenteric glands were enlarged, caseous, adherent. The meninges 
showed numerous tubercles at the base and along the Sylvian fissures, more again 
below the cerebellum. The vertex and inter-hemispherical aspects showed 
tubercles in fair numbers. In spite of the lung condition the mediastinal glands, 
though containing tuberculous foci, were not nearly as much affected as the 
mesenteric. The respiratory and alimentary appeared to be of nearly equal age, 
as regards the foci; the miliary state of the lungs may be a secondary result of the 
intestinal. Doubtful whether : (i) Focal pulmonary, then intestinal, mesenteric, 
generalisation in lungs and thence the brain ; or (ii) Primarily skin, then glands, 
blood-stream and generalisation; or (iii) Skin, lungs, intestines (the last two 
independently and simultaneously, as regards the focal state), and subsequent 
generalisation. 

No. 178. Female, aged 10 years. 

Miliary tuberculosis of both lungs, fairly numerous and evenly distributed, 
but rather more in the right lung. A gland at the right hilus and one paratracheal 
caseous. Nothing in the alimentary tract. A few miliary in the meninges, 
more at the base, but some also at the vertex. No focus detected anywhere. 
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No. i8t. Female, aged 4 years. 

Meninges showed general involvement, more aggregated at the base, in the 
interpeduncular space, along the Sylvian fissures, and below the cerebellum ; few 
on the convexity. The lungs showed widespread miliary tubercles, more numerous 
in the right than the left. Mediastinal glands on the right were enlarged and 
caseous, but no focus was found. 

No. 203. Male, aged 5 years. 

Miliary tubercles scattered in moderate profusion and evenly through both 
lungs, but the source of these was not detected. The alimentary tract did not 
show any involvement, but one mesenteric gland was the size of a pea, and on section 
contained a minute caseous 'point. There was extensive tuberculous meningitis; 
at the base they were closely aggregated and pus was forming; there were 
also many along the Sylvian fissures and only a little less on the convexity. The 
ventricles contained more than the normal amount of fluid. No focus was found. 

No. 206. Male, aged 16 months. 

Grey tubercles in the upper lobe of each lung and less in the right middle 
lobe. The spleen showed a considerable number of miliary tubercles. The 
meninges were extensively affected ; there was pus at the base with very numerous 
tubercles, also along the Sylvian fissures, in the velum interpositum and below the 
cerebellum. No focus was found, the other viscera yielding no evidence. 

No. 210. Male, aged 5 years. 

Here again no focus was found. The right lung contained miliary tubercles 
in the middle and lower lobes, and a gland at the hilus was caseated. The upper 
lobe of the left lung also contained miliary tubercles; there was no affection of 
the glands on the left; a few miliary were seen also in the spleen, while the 
meninges were extensively involved : tubercles were numerous at the base and along 
the Sylvian fissures, and there were one or two on the convexity and on the opposed 
surfaces of the cerebral hemispheres. 

No. 211. Female, aged 5 years. 

Apparently a haematogenous infection, but the primary focus was not found. 
The lesions were miliary tuberculosis of both lungs, the spleen, and the basal 
meninges. 

No. 215. Female, aged 13 months. 

The disease in this child was extensive and the decision as to the primary 
portal of entry a matter of opinion. There was a caseous focus as large as a filbert 
in the right lung, and grey tubercles throughout both lungs, while all groups of 
the mediastinal glands were enlarged and caseous. The cervical glands were a 
little affected. The mesenteric were in adherent caseous groups of about the 
same degree of involvement as the mediastinal; there were miliary tubercles of 
the liver and spleen, and a terminal meningitis. The mesentery and peritoneum 
generally were studded with tubercles. From the state of the glands in the 
thorax and abdomen there is no evidence for priority. The lung condition with 
a caseous focus of such a size must be of considerable standing, whereas the intestine 
itself showed one small ulcer only. On the other hand, the extensive affection 
of the peritoneum indicated that the abdominal condition was not very recent. 
On the whole, unless we regard the respiratory and alimentary as about coequal 



in age, the most satisfactory explanation would be, the lung focus primarily, 
alimentary secondarily, thence the peritoneum and mesenteric glands, a&d via 
the thoracic duct to tlic pulmonary circulation and so setting up generalisation 
there, and via the blood-stream (systemic) to liver, spleen, and meninges. 

No. 222. Female, aged 18 months. 

Though the mediastinal glands on the right side were enlarged and caseous, 
no true focus was present in the lungs. The middle and lower lobes showed 
grey tubercles of the minute bronchioles, while the right upper and both lobes 
of the left contained miliary tubercles by the blood-stream. Some of the mesen¬ 
teric glands were the size of a small pea and had caseous points. The liver, spleen, 
and kidney contained tubercles varying from small miliary to hempseed, and the 
base of the meninges showed them also. On the whole the sequence was probably : 
Respiratory first, causing the broncho-pneumonia of the lower lobes of the right 
lung, then alimentary to the mesenteric glands, without leaving signs in the 
intestine itself; thence by the lymphatics to the pulmonary circulation and so 
miliary generalisation in the lungs, and from there to the Hver, spleen, kidney, 
and meninges. 

No. 223. Female, aged 4 years. 

Extensive tuberculous meningitis, but no focus detected anywhere. 

No. 227. Female, aged 3 years. 

Lungs extensively affected with miliary and small grey tubercles, the right 
rather more than the left. There were numerous tubercles in the meninges, and 
a few in the liver and spleen, but no definite focu 9 or indication of the primary 
portal of entry. 

No. 230. Male, aged 3 years. 

Tuberculous meningitis most severe, but the origin of this could not be 
traced. No focus was found, but there was miliary tuberculosis of the lungs, 
liver and spleen. 

No. 239. Female, aged 3 years. 

In this case the alimentary, as evidenced by the state of the mesenteric glands, 
would appear to be the oldest; on the other hand the caseous focus in the left 
lung would be of older standing than the miliary and grey tubercles siattered 
generally throughout the lung. Also the mediastinal gland corresponding to 
the lung focus was completely caseous, like the mesenteric glands. The cerebellar 
focus was not very recent, less so than the miliary in the lungs and meninges. 
There are three possibilities: (i) Primary lung focus, alimentary secondarily, 
then generalisation in the lungs and from there to the meninges (if so, whence 
would the ‘ solitary 9 tubercle in the cerebellum arise, unless by separate earlier 
metastasis from the lung focus ?). (ii) Primary intestinal, secondary focus in 
lung and spread from there by inhalation to other parts of the lung, and by blood¬ 
stream to the cerebellum and meninges (but the cerebellar is a caseous node, 
while the meningeal affection is miliary and apparently recent), (iii) Lung and 
alimentary routes about the same time (judging from the glandular infection 
those in the thorax and those in the abdomen appear to be about the same stage), 
then from the lung to the cerebellum (focus), and from the mesenteric glands 
to the right side of the heart for the production of the miliary and grey tubercles 
in the lungs. 



No. 275. Female, aged 6 years. 

The lesions found were a general miliary infection of the right lung; and a 
few milia in the upper lobe of the left; an enlarged and caseated paratracheal 
gland on the right; sparse miliary tubercles in the spleen, and fairly thickly- 
studded miliary infection of the meninges, more aggregated at the base. No 
focus was discoverable, unless the mediastinal gland be regarded as such, but no 
evidence of the communication of this with a pulmonary vessel could be made 
out to account for the distribution in the lung, and there was certainly no focus 
in the lung to which this gland could be attributed. 

No. 283. Male, aged 4 years. 

The lungs in this case presented miliary tubercles, rather more in the right 
than the left, but not very numerous in either; the hilus on the right showed 
a large caseous gland, and one paratracheal on each side was caseated, that on 
the right being the larger. No focus was found in the lungs to account for these 
glands. There were a few miliary tubercles in the liver, more in the spleen. 
The meninges were severely affected, at the base and over the right hemisphere. 
In the latter, just below the cortex of the angular gyrus, was a mass of tubercles 
locally arranged, aggregating to the size of a large pea or small marble. The 
cerebral condition had probably arisen by vascular spread from the mediastinal 
gland, but the source of the latter was not found. 

No. 291. Female, aged 4 years. 

The only focus detected in this case was a caseous mass occupying nearly 
an entire pyramid at the lower part of the left kidney. There was miliary tuber¬ 
culosis of the lungs, but no focus. No infection of the intestines; only one 
mesenteric gland showed anything and this was not so large as a haricot, but had 
a small caseous point. There were also a few milia in the liver. The kidney 
lesion was to all appearances the oldest, but whence this arose could not be 
discovered. 
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MULTIPLE ANEURYSMS IN A CHILD 


BY 

R. H. KENNAN, M.D. 

{Received for publication 3 January , 1921) 

The patient is a well-grown, intelligent, active but anaemic boy 
of four years old; the son of observant, healthy white parents, 
American Missionaries on leave from Sierra Leone. The boy had 
had about six attacks of fever, each of short duration, in Freetown, 
and the latest of these occurred in October last. His tongue was 
clean and moist and without tremor; his gums healthy; his pulse 
regular and of good quality, with frequency of ninety-two beats per 
minute while he was in the erect posture. His heart was free from 
murmur and normal, and no enlargement of his liver or spleen or 
lymph glands could be detected. There was no sign of rickets and 
his urine (acid, 1,022) was free from albumen and sugar. His 
parents suggested that there was oedema of his eyelids, but at the 
time of examination (about 4 p.m.) I could not satisfy myself that 
oedema was present. 

The upper end of the left hypothenar eminence was slightly 
enlarged, and prominent, and was the site of a pulsating tumour 
which could be 1 emptied * by pressure over it, and which then filled 
again ‘ per saltum.* Pressure over the ulnar artery greatly 
diminished, but did not entirely obliterate pulsation in the tumour. 
The surface tissues over the tumour were unaltered in colour and 
texture. Just above this tumour, and separated from it by a narrow 
surface depression, was a second one of similar character. 

There was no history of injury antecedent to the first hypothenar 
tumour, which was first noticed in March, 1920; the second 
sweljing appeared in October, 1920: the parents state that it came 
quickly two days after a fall, which, however, did not cause bruising 
or damage to the skin. Subsequently a small pulsating little vessel, 
slightly bluish in colour was noticed about the middle of the right 
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side of his neck, and some time after this, while his mother wAs 
examining his neck, she found another larger pulsating, uniformly 
oval swelling a little lower down, occupying the greater portion of 
the base of the anterior triangle of his neck above the clavicle. The 
skin over it was freely moveable, as was also the tumour from side 
to side, but it was not capable of displacement vertically. Vigorous 
pulsations were easily observable by sight and touch in the little 
vessel; the pulsations could be stopped by slight pressure below the 
point where it lay immediately beneath the skin. The larger, lower 
tumour could not be emptied by pressure over it, but the pulsations, 
synchronizing with the ventricular systole, appeared to be distensile 
in character, and with a stethoscope a loud bruit was audible over 
it. The radial pulses were of equal volume, and no difference in 
colour or temperature of the hands could be detected. It could not 
be decided whether the wrist and hypothenar tumours were 
separated by normal vessel or whether the surface depression was 
due merely to compression by fascial bands. None of the tumours 
caused any pain, and only when the larger neck tumour was firmly 
pressed in an effort to empty it did the patient show any sign of 
distress. 

Examination of the blood showed Plasmodium falciparum infec¬ 
tion and also eosinophilia (about 12 per cent.). Several very careful 
and prolonged examinations of the faeces yielded negative results. 

There appears to be no doubt that the two distal tumours are 
arterial aneurysms, and that both the abnormal conditions in his 
neck are of the same kind. The alternatives of 'venous pulsation/ 
and ' enlarged lymph gland with transmitted pulsation 1 were borne 
in mind at the time of the examination. 

Macfie and Ingram (1920) have described ' Three cases of Cardiac 
Aneurysms in Native Boys of the Gold Coast/ and discuss the 
question of aetiology, and the suggestion is made that malaria may 
have been a factor in causation of the aneurysms. 

Aneurysms of the large arteries have been frequently reported as 
having occurred in young children, even as early as in foetal life, 
but in the present case not only was the child four years old, but the 
aneurysms were several and their etiology obscure. Stress has been 
laid by many on the effect of septic emboli in weakening the artery 
wall by inflammation spreading from the infective clot in causing 
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aneurysms in children suffering from septic endocarditis, but no such 
cause was operative in this case. Syphilis is also commonly 
considered a cause, but though no Wasserman blood test was made 
on this boy, it is extremely improbable that syphilis was present. 
Though there was a history of a fall antecedent to the appearance 
of one of the tumours in this case the relationship of the two things 
as cause and effect was not definite, while in the cases of the neck 
tumours any competent injury must have been obvious at the time 
it occurred. As causes, it appears that septic emboli, syphilis and 
injury were not present in this case. 

At one time, the presence of four arterial dilatations in a child of 
four years old would have been held to justify the non-illuminating 
diagnosis of 4 aneurysmal diathesis.* 
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LAPPETED ANOPLOCEPHALA IN 

HORSES 


BY 

WARRINGTON YORKE 

AND 

T. SOUTHWELL 
(Received for publication 22 ]uly> 1921) 

Plate XVII. 

I. ANOPLOCEPHALA RHODESIENSfS, nom. nov. 

About two hundred and fifty specimens of this parasite were 
collected by one of us in 1912, from eight zebra (Equus burcbelli) 
in North Eastern Rhodesia. 

TECHNIQUE. Most anatomical details were easily elucidated by 
the following procedure : — 

The worms were stained, en masse , for several days in dilute 
acetic-acid-alum carmine, then washed and taken through the 
alcohols into clove oil. As soon as the worm was clear, it was placed 
under a binocular microscope and segments were detached, one at a 
time, by means of a surgical needle or cataract knife, beginning with 
the posterior segment. The segments were then mounted serially 
with the anterior surface upwards. This procedure was quite simple 
until about segments 10 to 15 were reached, when it was found that 
the segments were so small and close together that the detachment of 
single ones was difficult and tedious, and also often unsatisfactory. 
Anterior to this point sections were therefore cut with a microtome, 
when required. Horizontal sections were necessary, however, to 
determine the structure of the uterus, e.g. } the presence, or absence, 
of anterior and posterior outpocketings, and certain other details. 

External Anatomy. 

The largest specimen measured 114 mm. long, 22 mm. broad and 
3*25 mm. thick, and the smallest 14 mm. long, 4 25 mm. broad and 



175 mm - thick. Specimens less than 30 mm. long were immature. 
Most of the larger worms approximated the following dimensions:— 
Length 90 mm., breadth 20 mm., thickness 3 mm.; number of 
segments, about two hundred and fifty. 

The following measurements show the size of our largest worm 
as compared with measurements made byFiihrmann and Collin of 
the same species: — 


Fuhrmann ... 
Collin 

Our specimen 


Long Broad 

... 50 mm. 18 mm. 

... 70 mm. 26 mm. 

... 114 mm. 22 mm. 


Thick 
3 mm. 

5-6 mm. ? 
3.25 mm. 


The smallest specimen contained ninety segments, and the 
posterior extremity was much narrower than the middle of the worm, 
and was rounded; the last few segments were longer (0 25 mm.) than 
the posterior segments in full-sized worms. A considerable number 
of Oestrid larvae (Gastrophilus sp.) were found firmly attached to 
many of the worms. 

Head . The head is always conspicuous; it is cuboid, with a 
truncate anterior extremity; the breadth is considerably greater than 
the length. In large worms measuring 90 mm. the head is about 
2 mm. long and 3*25 mm. broad. 

Suckers. The suckers, which are situated on the anterior surface 
of the head, are directed straight forward. They are about 07 mm. 
in diameter, and their cups are surrounded by a definite muscular 
rim having a diameter of about 200 n . The suckers were separated 
from one another by more or less well marked grooves. 

Lappets. Immediately behind each sucker is a large lappet. 
The length and breadth of the lappets varies considerably, possibly 
owing to contraction during fixation, but when they are fully 
extended they measure about 1*25 mm. long, 175 mm. broad, and 
the distance between the bases of the two dorsal or two ventral 
lappets is about 0*6 mm. In some specimens the lappets were 
globular and filled with liquid. 

Segments. The segments are very shallow and are imbricated. 
Posteriorly, the worm increases gradually in size, the greatest 
breadth being usually about 1 cm. from the posterior extremity; it 
must be remarked, however, that the general shape of the worm 
varies considerably in different individuals, possibly owing to 
different degrees of contraction during fixation (Plate XVII). 
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Internal Anatomy, 

Muscular system . Both the longitudinal and transverse muscles 
are strongly developed, and in transverse sections of mature segments 
the thickness of the former is about 130/1, and that of the latter 
about 60 fi (fig. 3). The dorso-ventral muscle bands are not so well 
developed. A short but powerful muscle connects the internal 
extremity of the cirrus pouch with the transverse muscles of the 
ventral surface. 

Nervous system . There are three longitudinal nerves on each 
side, the median being far the most prominent. The other two, 
dorsal and ventral, are slightly lateral to the median nerve and close 
to the transverse muscular layer (figs. 1 and 3). 

Excretory system . The water vascular system is enormously 
developed. On each side there are two vessels, a very large ventral 
vessel having a diameter of about 35/*, and a much smaller dorsal 
vessel which appears to be interrupted from time to time. The 
ventral vessel is internal to the dorsal vessel which lies over the 
median nerve trunk. The remarkable development of the water 
vascular system is one of the most striking features in sections of the 
worm (figs. 2 and 3). 

Genitalia . At least the whole of the posterior half of the worm 
is sterile, exhibiting no trace of genitalia, and, as in none of the 
specimens examined was there any evidence that segments had been 
shed, it is probable that the worm is passed entire in the faeces. 

Testes . These first appear about segment 4 or 5, and they 
disappear about segment 25. They attain their maximum develop¬ 
ment between segments 11 and 15, where each testis measures from 
about 55/1 to 90/1 by 30/1 to 70/1. They occupy the entire medullary 
parenchyma between the ventral excretory vessel on one side, and 
the cirrus pouch on the other; they never cross the ventral excretory 
vessel. They usually lie three or four deep in the dorso-ventral 
direction, but the larger ones may be only one or two deep (fig. 1). 

Vas deferens . After running laterally from the testes for a short 
distance, the vas deferens dilates into the outer seminal vesicle, 
which usually lies ventral to the cirrus pouch, although it was 
observed occasionally to lie dorsal or nysdian to the latter structure. 
It then narrows and enters the cirrus pouch, where it again dilates 
to form the inner seminal vesicle. The cirrus pouch is remarkably 
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long, and passes dorsal to the ventral water vessel and median nerve 
to reach the edge of the segment (figs, i and 2). The cirrus is long, 
slightly coiled, and is armed with very minute spines. Packets of 
spermatozoa of various shapes and sizes, but usually oval with 
pointed extremities, are abundant in both the outer and inner seminal 
vesicles. In the majority of mature segments, the measurements of 
these various structures are approximately as follows: — 


Length of outer vesicula seminalis . 

... 550/4 

Greatest breadth of vesicula seminalis. 

150/4 

Length of inner vesicula seminalis . 

700/4 

Greatest breadth of vesicula seminalis. 

200/1 

Total length of cirrus pouch . 

... 1,000/1 

Greatest breadth of cirrus pouch . 

IOO/l 


DORSAL 


V. 



v.e.v. m.n. 


VENTRAL 

Fig. 1. A. rbodesiensis. Segment, viewed anteriorly, showing male genitalia. c.s ., cirru* 
sac ; e.v.s., external vesicula seminalis ; *.*u., internal vesicular seminalis 5 longitudinal muscles ; 
■/.*., lateral nerves; m.n. y median nerve ; r.j., receptaculum scminis ; testes; v., vagin® \ v.e.v. t 
ventral excretory vessel; vitelline glands, x 40. 

Ovary . This first appears about segment 24 and disappears 
about segment 34; it attains its maximum development about 
segment 30. The poral wing has a lateral diameter of about 1 mm. 
and the aporal wing of 2*2 mm. The median axis of the ovary is 
slightly cn the pore side. The ovary consists of a series of vertical, 
club-shaped columns arising from a ventral horizontal base. The 
largest column measures about 170/1 dorso-ventrally and 60 fi 
laterally. The columns decrease in size towards the periphery of 
the ovary (fig. 2). In the antero-posterior direction they are never 
more than two deep. 
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Fig. 2. A . rbodesiensis. Segment, viewed anteriorly, showing female genitalia, r., cirrus; 
c.s.j cirrus sac 5 e.v.s.y external vesicula seminalis; l.m. y longitudinal muscles j /.*., lateral nerves ; 
m.n.y median nerve j o ., ovary; r.r., reccptaculum seminis; f.w., transverse muscles; t»., vagina } 

V.C.V., ventral excretory vessel; v.g., vitelline glands, x 15. 

Receptaculum and vagina , In segment 16 the vagina is well 
defined. From the pore it runs as a narrow tube ventral to the 
cirrus pouch for a short distance, then crosses it posteriorly to reach 
the dorsal surface. At this point it dilates and runs inwards just 
below the dorsal transverse muscle fibres, to enter the large 
receptaculum seminis. The receptaculum seminis is roughly club- 
shaped, with a greatly dilated internal extremity which is bent upon 



Fig. 3. A. rbodesiensis . Aporal extremity of iegment, viewed anteriorly, showing uterus, 
longitudinal muscles, nerves and excretory vessels, /.w., longitudinal muscles; lateral nerves ; 
m.n. y median nerve j f.m., transverse muscles j u ., uterus; ventral excretory vessel. X 40. 
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itself and almost reaches the ventral transverse mu!>cle fibres. The 
vagina and receptaculum are always loaded with packets of 
spermatozoa (figs. 1 and 2). From its median surface there arises 
a small tube—the fertilisation canal—which runs dorsally, receiving 
the ducts of the shell gland, vitelline glands and ovary, and finally 
opens into the uterus (fig. 4). The genital pores are all dextral. 

Vitelline glands. Appear for the first time about segment 7 
and are mature about segment 40. They lie ventrally, close to the 
internal extremity of the receptaculum seminis (fig. 2), and consist 
of two wings which do not appear to be lobular as in some species 
of Anoplocephala. 

Shell gland. As far as could be ascertained, it lies dorsal to the 
vitelline glands and is almost always obscured by them. 

Uterus. Visible for the first time about segment 15 as a cell¬ 
string running across the segment. In segments 40 to 70 or 80 it is 

DORSAL 


A.M.B. del. 

VENTRAL , 

Fig. 4. A. rbodesiensis. Diagrammatic representation of fertilisation canal and connecting 
ducts, f.c.j fertilisation canal; o.d,, oviduct; r.r., receptaculum seminis; uterus; v.d., 
vitelline duct, x 250. 

well developed and contains ova; at this point it is a straight wide 
tube devoid of outgrowths, it does not occupy the whole of the 
dorso-ventral diameter of the segment, nor does it extend laterally 
beyond the ventral excretory vessel (fig. 3 )- Further development 
bfeyond this stage was not seen, all the posterior segments being 
sterile. 

Eggs. Notwithstanding the fact that about sixty worms were 
examined, no mature eggs were found. Eggs varying in size from 
12 n to 25 n were often found in the same uterus. The largest eggs 
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seen -had -apparently three envelopes, the outer measuring about 
25 n, the middle about 20 p, and the inner, which was completely 
filled with" the embryo, about 11 p . These were, however, very rare, 
and by far the largest number of eggs seen measured about \ 2 p to 
15A 1 in diameter. They contained large oil and yolk globules. All 
attempts to discover a pyriform body failed. 

Scattered amongst the eggs in the uterus there occurred large 
numbers of other cellular structures apparently of a nutritive 
character (fig. 5). They varied in size, within wide limits, and 
many seemed to be in process of degeneration. 



Fig. 5, A. rhodesicnsis. Eggs and nutritive cells, e., egg; w.c., nutritive cells, x 730. 

DIAGNOSIS. The following are the chief diagnostic characters : — 

1. Presence of lappets. 

2. Its large size and numerous segments. 

3. The enormous development of the water vascular system 

and longitudinal musculature. 

4. The large number of sterile segments. 

Abildgaard, in 1789, described a cestode from a horse, to which 
he gave the name Taenia magna\ this worm had no lappets behind 
the head. Zeder, in 1800, also described an equine tapeworm, 
which had no lappets behind the head, to which he gave the name 
T . plicata. Rudolphi, in 1808, referring to T . zebrae , Sander, 
collected from a zebra, placed it amongst the species dubiae , and 
stated that it had affinities with T. plicata . Presumably, therefore, 



T. zebrae of Sander did not possess lappets behind the head. 
Later, Cobbold expressed the opinion that T. plicata was a synonym 
of T. magna , Abildgaard. 

The genus Anoplocephala was established by E. Blanchard 
in 1848. 

Collin (1891) gave a general description of a worm collected from 
an African zebra which resembled A . perfoliata in possessing lappets 
behind the head. He named the species Taenia zebrae . 

Gough (1908) states that A . magna (Zeder), var. pediculata % 
Railliet, were found by him in the horse, donkey and zebra, and that 
this species is not so rare in S. Africa as elsewhere. He points out 
that as Collin’s worm possessed lappets, it must be distinct from 
T . zebrae , Sander, and is, therefore, a species without a name. 

Fiihrmann (1910) gave a careful description of Collin’s species 
of T, zebrae from material obtained by the Kilimandjaro expedition, 
but did not deal with the synonymy, nor did he refer to Gough’s 
paper. Fiihrmann has been kind enough to send us a specimen of 
his A. zebrae , which we have examined, and which is undoubtedly 
the same species as the one described by us. It should be noted, 
however, that Fiihrmann in his description fails to mention the 
interesting fact that the greater part of the worm is sterile (at least 
the posterior half), and furthermore, that he describes and figures 
ripe eggs furnished with a pyriform apparatus. These have never 
been seen by us, notwithstanding the fact that we have examined, 
minutely, the uterus from the ripest segments of over twenty of our 
specimens and also that of the specimen Fiihrmann was good enough 
to send us. 

Douthitt, in 1915, 9tated that A. plicata (Zeder) and A. zebrae 
are synonyms of A. magna (Abildgaard), and draws no distinction 
between Sander’s T . zebrae and Collin’s T. zebrae . He was 
apparently unaware of Fiihrmann’s paper, as he makes no reference 
to it. 

It is clear that the worm which Collin named T . zebrae differs 
from Sander’s T. zebrae , which is apparently identical with 
T. magna t Abildgaard, in that Collin’s species is lappeted, whereas 
Sander’s is not. T . zebrae , therefore, is a synonym of T . magna , 
and Collin’s worm is, as Gough says, a species without a name. We 
propose to designate it A. rhodesiensis. 
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II. iiNOPLOCBPHALA PERPOUATA (Goeze, 1782), 
Blanchard, 1848. 

The museum of this School contains the following collection of 
lappeted Anoflocephala from horses and mules: — 

Horse A. Three specimens from Chesterfield, collected by A. W. Noel 
Pillers, December, 1909. 

Horse B. Eight specimens from Chesterfield, collected by A. W. Noel 
Pillers, July, 1910. 

Horse C. Four specimens from Sheffield, collected by A. W. Noel 
Pillers. No date. 

Horse D. Two specimens from Manititlan, Mexico. No further informa¬ 
tion. 

Mule E. Ten specimens from Argentine, collected in 1917. 

As a result of preliminary examination of the anatomy of 
specimens from the above sources, we reached the conclusion that a 
number of different species were represented. On further examina¬ 
tion, however, we were impressed with the fact that great variations 
occurred not only in worms from the same source, but even in 
different segments of the same specimen. This led us to the 
conclusion that the differences which at first we considered to be of 
specific value were of inconstant occurrence, and consequently that 
A. perjoliata (Goeze, 1782) is a species which exhibits considerable 
variation. 

In this paper we propose to re-describe the worm, drawing 
attention to the variations which may occur. 

External Anatomy. 

The worms from the different sources were approximately the 
same size, varying from about 30 mm. to 45 mm. in length, except 
in the case of specimens from Horse B, which were fixed in a very 
extended condition and were of a gelatinous consistency. These 
were considerably longer, varying from 44 mm. to 70 mm. As a 
rule, the worms attain a maximum breadth of about 12 mm. 

Head . This is prominent and almost cubical in shape; the 
length (2*5 mm.) is nearly equal to the breadth (3 mm.). In the 
specimens from Horse A the head was, however, distinctly broader 
(2*75 mm.) than long (1*5 mm.). The suckers and lappets resemble 
closely those of A. rhodesiensis. 



258 


Segments. The number of segments in an adult worm varies 
from about ninety to one hundred and thirty. The shape of the 
worm varies enormously, as will be seen in the photographs. Except 
that the worm is much less massive and consists of fewer segments 
than A. rhodesiensis, it exhibits no constant external difference from 
the latter species (Plate XVII). 
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Fig. 6 . A . perfoltata. Ventral view of antenor portion of a worm from Horse B ; cleared in 
carbolic acid, c.r., cirrus sac; lappets; median nerve; o., ovary, i.r., reccptaculum 

semims; t. y testes; u. f uterus; v.e.v , ventral excretory vessel; v.g. y vitelline glands, x 6. 

Internal Anatomy. 

Muscular system. As in A. rhodesiensis , except that the longi¬ 
tudinal fibres are not so strongly developed. 

Nervous system. The number of longitudinal nerves on each 
side varied. As a rule, there were three on each side, but in 
specimens from Horse B only the median nerve was constantly 
present, although the dorsal and ventral nerves were also seen in 
some segments. This variation was observed in the different 
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segments of the same worm, with the result that some segments 
exhibited only one nerve on each side, whilst in others three nerves 
were found on both sides, and in still others three nerves on one side 
and one on the other. 

Excretory system. This differed from that of A. rhodesiensis 
only in that the vessels were not so large. 

Genitalia. The segments become increasingly ripe towards the 
posterior extremity, and only a few sterile segments were found 
scattered here and there. This is in striking contrast to the long 
chain of sterile segments forming the posterior half of A. rhodesiensis. 

Moreover, examination of the posterior extremities of worms 
from various horses left no reason to doubt that segments are shed. 

DORSAL 



Fig. 7. A. perfoltata. Segment, viewed posteriorly, showing male genitalia, c s , cirrus sac} 
external vesicula seminahs; t.v.s,, internal vesicula seminalis; / m., longitudinal muscles; 
Lit., lateral nerves; m.n ., median nerve ; 0., ovary; r.r., receptaeulum seminis, r., testes; 
transverse muscles j v., vagina ; v.e.v.y ventral excretory vessel, x 20. 


Testes. These first appear about segment 12 and disappear 
about segment 30. They attain their maximum development 
between about segments 17 and 22. In all the specimens examined, 
excepting those from Horse B, the fully developed testes occupied 
the whole parenchyma between the aporal excretory vessel and the 
cirrus pouch (fig. 7). In Horse B, whilst this state of things was 
occasionally found, the testes, as a rule, were fewer in number and 
more limited in distribution, being congregated mainly in the dorsal 
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portion of the parenchyma; they did not extend laterally nearly so 
far as the aporal water vessel There appears to be no doubt that in 
old worms the testes degenerate and entirely disappear. No trace 
of testes were found in the worms from Horse A 

Vas deferens . The appearance of the internal and external 
seminal vesicles varied considerably, and they did not exhibit any 
constant relationship one to the other The outer seminal vesicle 
was usually ventral to the inner seminal vesicle, but this was not 
invariably the case, sometimes the former lay directly internal to the 
latter, or even dorsal to it 

Ovary This first appears a*bout segment 25 and disappears 
about segment 45 It attains its maximum development about 
segment 37 Ihe poral wing has a diameter of about half that of 
the aporal wing In structure it resembles that of A rhodesiensis 
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Tig 8 A perfoltata Segment, viewed posteriorly, showing female genitalia e v s , external 
vesicula semimlis, * v s , internal vesicula seminalis, / m , longitudinal muscles, / n , lateral nerves , 
m n , median nerve , o , ovary, r s , receptaculum seminis, tm } transverse muscles, v , vagina , 
v e v , ventral excretory vessel, v g , vitelline glands x 20 

(fig 8) As m the case of the testes, the ovaries had entirely 
disappeared m worms from Horse A 

Receptaculum and vagina The vagina appears early and is 
well defined m about segment 8 Ihese structures resemble m all 
respects those of A rhodesiensis 

Vitelline and shell glands Similar to those of A rhodesiensis . 

Uterus The uterus appears very early, about segment 12, as a 
delicate cell-string running across the segment It gradually 
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enlarges and attains its full development only in the last few 
segments, where it is a wide tube completely filling the medullary 
parenchyma, but only occasionally crossing the ventral excretory 
vessels. In the fully developed uterus there are numerous anterior 
and posterior outpocketings, so that in anterior or posterior views of 
whole segments the uterus appears to be composed of a number of 
separate compartments (fig. 9). Sections, however, showed clearly 

tm I.m, e. u 
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Fig. 9. A. perfoliata. Segment, viewed posteriorly, showing fully developed uterus. <?., egg j 
l.m., longitudinal muscles; t.m transverse muscles; uterus. X 40. 


that the organ consisted of a central cavity with numerous anterior 
and posterior bulges between the dorso-ventral muscle fibres (fig. io). 
To a certain extent there are bulges on the dorsal and ventral surfaces 
of the uterus, but they are not so prominent as those on the anterior 
and posterior surfaces. The degree of outpocketing varied in 
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Fig. io. A. perfoliata. Horizontal section of segment showing fully developed uterus, x 40. 

different worms, sometimes being well marked and in other cases 
less obvious. 0£ the worms examined by us, the outpocketing was 
most marked in those from Mule E, and least marked in those from 
Horse B. Occasionally a well-developed uterus was seen which 
contained few or no eggs and a mass of debris. 

Eggs . Fully mature eggs were found only in the last few 
segments. The diameter of the outer envelope was about 80 fi t and 
that of the embryo about i6>u, whilst the length of the horns of the 
pyriform apparatus is about i8^t. Yolk granules about ft* in. 
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diameter occurred plentifully (fig. n). As the egg matures, the 
middle envelope gradually shrinks, and its measurement is therefore 
of no value. In quite ripe eggs the horns of the pyriform apparatus 
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Fig. ii. A. perfoliata. EggB showing pyriform apparatus. X 360. 

are prolonged into very long, slender filaments which eventually 
unite with one another. 

DIAGNOSIS. Fuhrmann, as a result of a comparison between his 
own observations on the lappeted Anoplocephala from the zebra 
(called by him A. zebrae ), and Kahane’s description of A . perfoliata y 
gives the following points of difference between the two worms. 

Cirrus pouch. In A. zebrae it extends beyond the longitudinal 
nerve and ventral water vessel, whilst in A. perfoliata it scafcely 
reaches the water vessel. 

Vesicula seminalts. In A. zebrae , it is dorsal or ventral to the 
cirrus pouch, and in A. perfoliata it is posterior. 

Ovary . Much more strikingly asymetrical in A. zebrae than 
in A. perfoliata . 

We have carefully examined these points, and have reached the 
conclusion that they have no specific value. In the specimens of 
A. perfoliata examined by us, the cirrus pouch extended over the 
longitudinal water vessel and nerve to the edge of the segment, just 
as it does in the worm from the zebra. The relative position of the 
outer seminal vesicle and the cirrus pouch is inconstant, and finally 
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the aporal wing of the ovary is about twice the size of the poral wing 
in both worms. 

In our experience, the only constant points of difference between 
the lappeted Anoplocephala of the zebra and horse, viz., 
A. rhodesiensis and A. perfoliata , are as follows: — 

(1) A. rhodesiensis is much more massive than, and has almost 

twice as many segments as, A. perfoliata. 

(2) The posterior half of A. rhodesiensis is entirely sterile, 

whereas in A. perfoliata the segments become increasingly 
ripe up to the posterior extremity of the worm. 
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EXPLANATION OF PLATE XVII 

Fig. 1. Photograph of Anoplocephala rkodesiensis showing bots 
attached. Natural size. 

Fig. 2. Photograph of Anoplocephala perfoliata from Mule E, 
Horse B and Horse C, and of Anoplocephala rhodesiensis 
from a Zebra. (In order from left to right.) Natural 


size. 
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THE FEEDING HABITS OF STEGOMYIA 
CALOPUS, Meigen 

BY 

R. MONTGOMERY GORDON 

AND 

C. J. YOUNG 

From the Laboratory of the Liverpool School of Tropical 
Medicine , Mandos 

(Received for publication 28 July> 1921) 

It has been stated by Marchoux and Simond (1906) that 
Stegomyia calopus , under normal conditions, that is, while at 
liberty, ceases to bite man during the day after the first six or eight 
days of its existence in the perfect state, but that after the eighth 
day it is sometimes observed to bite towards 6 p.m. before nightfall. 
They also state that yellow fever is not contracted during the day, 
but only ‘ a la chute du jour ou pendant la nuit/ * Nous avons en 
effet constate experimentalement qu’a la periode de sa vie ou il 
poss£de le pouvoir infectant, le Stegomyia fasciata en liberty ne 
cherche pas a piquer Phomme entre 7 heures du matin et 5 h. | du 
soir. La transmission est done nocturne/ This they held to 
account for the fact that the inhabitants of Petropolis when visiting 
Rio only during the day did not contract yellow fever. In their 
experiments, however, the mosquitoes were confined in a screened 
room. Seidclin and Connal (1914) and Macfic (1915-16) showed 
that 5 . calopus would bite at any hour irrespective of age, when in 
captivity. 

According to Marchoux and Simond (1906) the minimum 
interval between the date on which S. calopus acquires the infection 
and that on which it becomes infective is twelve days. 

The following experiments were undertaken with a view to 
investigating the feeding habits under as natural conditions as 
possible. They were carried out in Manaos. 

All the mosquitoes were hatched in the laboratory and kept in 
wire gauze cages, males being always present. Each female was 
removed from the stock cage in a glass tube and allowed to feed to 
repletion on one of us during the hours of daylight. After feeding 
they were ‘ marked* by amputating the hindlegs through the tibiae, 
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but in a few instances some part of the femur was accidentally 
removed. This method of 'marking' is considered sufficiently 
distinctive as wild specimens of Stegomyia, observed by us at other 
times, have never shown this mutilation. After feeding they were 
kept for not less than fourteen days, sugar being available as food, 
and during the last two or three days of this period were again 
given an opportunity to bite, also during daylight. They were 
then released under the conditions described below and during the 
four succeeding days, in the place where they had been released, 
the mosquitoes biting us were observed for one hour each during the 
day and night. The observations at night were made by electric 
light. No unmarked females were released along with the ' marked.* 

Three experiments were carried out. 

Experiment 1 . Date: 23rd March to 16th April, 1921. Sixty 
female Stegomyia were fed a first time and * marked * between 
23rd and 28th March. Of these thirty-three survived, and were 
offered a second feed on the nth and 12th of April; thirty fed and 
three refused to feed. Two escaped after feeding. The remaining 
thirty-one females along with twelve males were released at 7 p.m. 
on*the 14th April in a first-floor bedroom of about 14 ft. by 12 ft. 
by 10 ft. This room was in use, the occupant using a mosquito net 
at night; it had two unscreened windows which were constantly 
open, and the mosquitoes also had free access to other parts of the 
house. A glass jar containing water was placed in the room, but 
no eggs were deposited in it up to the 23rd April. r Marked * 
mosquitoes were released after feeding. 

Observations were made as follows: — 


Date . 

April 

1 

5 

1 

6 

1 

7 

1 

8 

Time. 

P.M. 

12.30 
to 

1.30 

8.30 

to 

9 - 3 ° 

12.30 
to 

1.30 

8.30 

to 

9 * 3 © 

12.30 
to 

1.30 

8.30 

to 

9 * 3 ^ 

12.30 
to 

1.30 

8.30 

to 

9 - 3 ° 

S. calopus 
biting ... • 

‘ Marked’... 

3 

0 

2 

0 

0 

0 

0 

0 

Unmarked... 

3 

0 

0 

0 

0 

0 

0 

0 


Note. —In addition, one of us was bitten by a 'marked' 
mosquito at 7.30 a.m. on the 15th. 
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Experiment II. Date: 5th to 29th April, 1921. Sixty 
female Stegomyia were fed a first time and ‘ marked’ between the 
5th and nth April. Of these twenty-three survived. They were 
offered a second feed on the 23rd and 24th April; twenty-one fed 
and two refused. They were released with about twelve males at 
5 p.m. on the 25th in a first-floor bedroom in a different part of the 
town from Experiment I. This room was about 20 ft. by 14 ft. by 
12ft. in size, was in use, the occupant using a mosquito net at 
night, had four large windows constantly open, and the mosquitoes 
had free access to other parts of the house. 

Observations were made as follows: — 


Date . 

April 

25 

26 

27 

28 

29 

Time. 

P.M. 

8-9 

12—1 

8-9 

12—1! 

I 

I 

8-. r 

, 

12—1 

8—9 

12 — I 

S. calopus ( 

biting ... 1 

‘ Marked *... 

0 

0 

O 

0 

0 

0 

0 1 

0 

Unmarked... 

0 

L_ 

0 

2 

0 

0 

1 

O 

0 

0 


Experiment III. Date: 1st May to 3rd June, 1921. Seventy 
female Stegomyia were fed a first time and ‘ marked * between 
1st and 14th May. Of these fifty survived. Offered second feed 
on 28th, 29th and 30th May; forty-three fed and seven refused. 
These fifty were released along with about twelve males at 3 p.m. 
on the 30th May in a ground-floor room behind the laboratory, 
about 17 ft. by 10 ft. by 15 ft. in size and opening directly to the 
outside. This room had one window, the upper part of which was 
imperfectly screened and the lower part had wooden slats, the 
apertures between these allowing free passage to mosquitoes. The- 
door was open all day and for one hour at night when observations 
were made. Otherwise the room was not used at night. A jar 
of water was placed in the room, and some eggs were found on 
31st May. ‘Marked’ mosquitoes were released after feeding. 
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Observations were made as follows : — 


Date . 

May 

3 ° 

31 

June 1 

2 

1 

i 

3 

Time. 

P.M. 

8.30 

to 

9-30 

1—2 

8.30 

to 

9 - 3 ° 

1—2 

8.30 
to 

9.30 

1—2 

8.30 

to 

9 - 3 ° 

1—2 

S. calopus biting 

1 Marked ’... 

3 

7 

3 

2 

0 

1 _ 

1 

0 

0 

Unmarked... 

1 

I__ 

4 

4 

1 

3 

0 

0 

5 


Note. —Each of us was bitten in the laboratory by a 1 marked * 
Stegomyia on the 7th June, one at 9 a.m. and the other at 4 p.m. 


SUMMARY 

Experiment I. Thirty-one 'marked* female Stegomyia were 
released at night not less than fourteen days after their first blood 
meal. During the succeeding four days, five ' marked * and three 
unmarked fed during daylight. None were observed to feed at 
night. 

Experiment II. With the exception of two unmarked Stegomyia , 
none were observed to feed. 

Experiment III. Fifty 'marked* female Stegomyia were 
released during daylight not less than fourteen days after their first 
blood meal. During the succeeding four days, ten ‘ marked * and 
ten unmarked fed during daylight, and six 'marked* and eight 
unmarked fed during the night. 

CONCLUSION 

Stegomyia calopus females will bite either by day or night, over 
fourteen days after their first blood meal, while under no artificial 
restraint and having opportunities of selecting day or night for 
feeding. 
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NOTE ON A CASE OF LEPROSY 


BY 

WARRINGTON YORKE 

AND 

S. ADLER 

(Received for publication 2 August , 1921) 

PWTE XVIII 

Native of Hong Kong, age 45. Came to the outpatient 
department of Tropical School, 29th July, 1921, complaining of 
feeling ill, ulceration of face and generalised skin eruptions. 

PRESENT Condition. The appearance of the face at once 
suggested leprosy. Both alae nasi were swollen and ulcerated, 
and there were fairly well developed nodules on the chin, forehead 
and cheeks. There was an extensive raised, ham coloured, rash on 
the arms, forearms, trunk and legs. The affected areas of skin were 
not anaesthetic except for small patches on the inner side of the left 
leg and foot and on the outer side of the right leg. No thickening 
of the superficial nerve trunks was observed. Scrapings from the 
skin lesions and from the alae nasi showed very numerous lepra 
bacilli . 

History. The most interesting feature of this case is its history. 
The patient arrived in England in 1912 in good health, and has 
been employed until a short time ago as a laundryman in Cardiff. 
It was not until 1916—four years after coming to England—that he 
first noticed small spots on the left side of the face. No further 
change was observed until twelve months ago, when the ham- 
coloured eruption appeared on the trunk and upper and lower 
limbs. Five months ago he noticed for the first time the swelling 
of the alae nasi . 

There is no evidence that the case had been diagnosed before we 
saw him: the patient and his friends were quite unaware of the fact 
that it was leprosy. 



EXPLANATION OF PLATE XVIII 


Photograph of a case of leprosy showing swelling and ulceration 
of alae nasi and nodules on various parts of face. 
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Fungal infections are abundant in West Africa, but hitherto 
comparatively little attention has been devoted to them. Brief 
notes are given in this paper on a few cases which have recently 
come under our notice at Accra in the Gold Coast. 

The part played by the fungi of the Genus Monilia in the diseases 
from which the patients were suffering is obscure. Such fungi are 
undoubtedly abundant in the tropics, and contamination with 
them must be guarded against; it is also true that they are not 
infrequently present in small numbers in the faeces of apparently 
healthy individuals. Their occurrence in great quantities is, 
however, a different matter. No evidence is brought forward in 
support of the view that the species of Monilia described in this 
paper were the sole cause of the dysentery and diarrhoea with which 
they were associated, indeed there was evidence that the cases 
referred to m Section II were due primarily to a dietetic deficiency, 
but it is maintained that they were the cause of some of the 
symptoms. For this reason, and because the intestinal disturbances 
Which permit of their multiplication may be of profound significance, 
their recogpition and investigation is of importance. 



I. A FUNGUS OF THE GENUS MONIL/A RECOVERED FROM 

A PATIENT SUFFERING FROM DYSENTERIC DIARRHOEA 

* 

Towards the end of the year 1920 there occurred at Accra a 
considerable number of cases of dysenteric diarrhoea, the cause of 
which was obscure. From one such case, a European man about 
forty years of age, the Monilia was isolated, of which the following 
is a short description. The sample of faeces from which the fungus 
was recovered contained much blood and mucous, but no amoebae 
and no other parasite to which a pathogenic rdle could be assigned ; 
it contained, however, a considerable number of yeast-like cells. 
From the same case, a week later, Dn J. F. Corson isolated a 
bacillus which gave the reactions of Morgan's bacillus. 

Several species of the Genus Monilia have been isolated from 
human faeces in various parts of the world, but especially in the 
tropics, and some of them have been regarded as being the cause, 
either directly or indirectly, of intestinal disease. Similar fungi 
are frequently found in small numbers in specimens of faeces in West 
Africa, and in diarrhoeic stools are sometimes very numerous. 
With regard to the species isolated from this case of dysenteric 
diarrhoea at Accra it is not possible to say if it was pathogenic, but 
it may be noted that it closely resembled M. troficalis , one of the 
species which has been found to be present in sprue (Castellani, 
1920). 

The Organism. The Monilia found in this case was isolated 
in a culture of the faeces on neutral-red lactose bile-salt agar. It 
was Gram-positive and not acid fast. It grew well on most solid 
media, and on glucose agar produced within twenty-four • hours 
an abundant creamy-white growth. Under anaerobic conditions 
growth was less abundant and less rapid. It grew freely both at 
37 0 C. and at the temperature of the laboratory (about 26° C.). 
Gelatin and blood serum were neither liquefied nor stained. In 
broth and peptone water a whitish deposit was thrown down, 
whilst the media themselves remained clear; in both a surface pellicle 
was formed. It produced an abundant white growth on potato, 
which later developed a white efflorescence; the medium was not 
stained. On solid media the growth was mainly composed of yeast¬ 
like cells, but a few branched septate hyphae were usually present; 
in fluid media the hyphae sometimes predominated. 
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Its qualitative bio-chemical reactions may be tabulated as 
follows, the symbols representing:—A = acidity; G = gas; 
s = slight; O = neither acid nor gas. 


Arabinose 


0 

Inulin . 

0 

Rhamnose (isodulcite) ... 

0 

Amygdalin . 

0 

Galactose 


AGs 

Helicin. 

0 

Glucose ... 


AG 

Phlorrhizin . 

0 

Laevulose 


AG 

Salicin. 

0 

Mannose... 


0 

Glycerol . 

0 

Lactose ... 


0 

Erythrol . 

0 

Maltose ... 


AG 

Adonitol . 

0 

Saccharose 


AGs 

Dulcitol. 

0 

Raffinose... 


0 

lnosite. 

0 

Amylum 


O 

Mannitol . 

0 

Dextrin ... 


0 

Sorbitol. 

0 

Glycogen 

. 

0 




If the cultures were kept, the acidity produced in the five sugary 
media indicated tended to be superceded by alkalinity; this change 
began to occur early, usually in less than a week. No change was 
produced in Litmus milk at first, but after a week or ten days a 
slight alkalinity was sometimes noticed; no clot was formed, and 
the medium was neither decolourized nor peptonized. Indol was 
not produced in peptone water. 

As gas was produced in Glucose, Laevulose, Maltose, Galactose, 
and Saccharose the organism comes into the fifth group of species 
of Monilia , the Tropicalis group, according to the classification of 
Castellani and Chalmers (1919). The more important bio-chemical 
reactions of the species in this group are shown in Table I. It will 
be noted that the species here described differs in its reactions in 
Mannitol and Dextrin from M . enterica, M. insolita , M. para- 
tropic alls, and M . pulmonalis . From M . faecalis it may be 
distinguished by the fact that it does not decolourize Litmus milk, 
and does not stain blood serum brown; and from M . metatropicalis 
by the fact that it does not clot milk. As regards M . nivea , the 
fact that neither acid nor gas is produced in Raffinose is a point of 
distinction, and it may be noted also that our species produces only 
a slight amount of gas in Galactose and forms a pellicle on the 
surface of broth, reactions which are not found in the case of 


M . nivea . Our organism closely resembles M. tropicalis , the 
greatest divergence being in the reaction in milk. It is said that 
by M . tropicalis ' Litmus milk is generally rendered acid but is not 
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dotted,’ a statement which would seem to imply that the production 
of acid is not constant nor characteristic. If this is so, the two 
species appear to be identical, excepting that in the case of our 
organism a pellicle is formed in broth. 


Tabu I. 

Specie* of the Genus Monilia belonging to the 7 ropicalis group. 


Specie! of Monilia 

1 

2 

Glucose 


Maltose 


U 

1 

$ 

Mannitol 

Dextrin 

\ 

0 

1 

1 

Broth 

M. enterica . 

O/Alk 

AG 

AG 

AG 

AG 

AG 

As 

As 

c 


0 

C 

M.faecalis . 

A/DPs 

AG 

AG 

AG 

AGs 

AGs 

0 

0 

0 

0 

c 

M. insolita . 

As/Alk 

AG 

AG 

AG 

AG 

AG 

As 

0 

c 


0 

c 

M. mctatropicalis . 

AC 

AG 

AG 

AG 

AG 

AG 

0 

0 

c 


0 

c 

M. nivea . 

O/Alk 

AG 

AG 

AG 

AG 

AGs 

0 

0 

AG 

0 

c 

M. paratropicalis 

As/Alk 

AG 

AG 

AG 

AG 

AG 

0 

Avs 

C 


0 

CTP 

M. pulmonalis . 

O/Alk D 

AG 

AG 

AG 

AGs 

AG 

Av8 

0 

A 


AGs 

CTP 

M. tropicalis . 

A 

AG 

AG 

AG 

AGs 

AGs 

0 

0 

0 

0 

C 

Accra case : sputum and pleural 
cavity (M. accraensis ) 

O/Alk 

AG 

AGs 

AGs 

AG 

AG 

0 

0 

c 


0 

; c 

Accra case : dysenteric faeces... 

O/Alk 

AG 

1 

AG 

AG 

i 

AGs 

AGs 

0 

0 

0 

0 

CTP 


A = acidity; Aik = alkalinity; C = clot (milk), clear (broth)$ CTP = clear, then pellicle; D = decolourized j 
G = gas; 0 = neither acid nor ga3; P = peptonized; s = slight; vs = very slight. 


Finally it may be noted that this organism closely resembles a 
species of Monilia {M. accraensis) recently found by us in the* sputum 
and pleural cavity of a patient suffering from tuberculosis at Accra 
(1921). The chief points of distinction are that the intestinal species 
produces only a slight amount of gas in Galactose and Saccharose, 
and forms a pellicle on broth; whereas the pulmonary species 
produces much gas in Galactose and Saccharose but only little in 
Laevulose and Maltose, and does not form a pellicle on broth. 


SUMMARY 


From the faeces of a European with dysenteric symptoms a 
fungus of the Genus Monilia was isolated. This organism belongs 
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to the Tropicalis group, and appears to resemble most closely 
M. tropicalis (Castellani, 1909). 
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II. TWO FUNGI OF THE GENUS MONILIA RECOVERED FROM 
AFRICANS SUFFERING FROM A PECULIAR FORM OF DIARRHOEA 

There occurs among the natives at Accra a well defined form 
of persistent diarrhoea which has been considered by some of the 
medical practitioners in the Gold Coast to be akin to sprue. The 
stools are bulky, frothy, and generally canary-yellow coloured; the 
tongue is red, fissured, and eroded; and the patients are wasted— 
a condition which is often masked by oedemas of the limbs and by 
ascites. The faeces in such cases usually teem with yeast-like cells 
which on cultivation are found to be stages of fungi of the Genus 
Moniha. The following are short descriptions of the organisms 
isolated from two such cases. 

First Case. 

The patient, a native man about twenty-seven years of age, was 
suffering from an obstinate diarrhoea, and was weak and wasted. 
His tongue was red, irregularly fissured, indented by the teeth, and 
partially eroded; the throat also was red. The faeces were canary- 
yellow coloured and frothy; yeast-like cells were extremely abundant 
in them, and Entamoeba coli and Blastocystis enterocola were also 
present. 

The Organism . The Monilia in this case was isolated from a 
culture of the faeces on neutral-red lactose bile-salt agar. It was 
Gram-positive and not acid fast. It grew well on most solid media, 
and on Glucose agar produced within twenty-four hours an abundant 
white growth, very fluid in consistence, and with a dull pellicle-like 
surface. The yeast-like cells, which composed the greater part 
of the growth, were oval and somewhat elongated; the average 
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measurements of ten cells were, length 4*5/*, breadth i' 6 p. Under 
anaerobic conditions growth was less abundant and less rapid. 
Gelatin and blood serum were neither liquefied nor stained. In 
broth and peptone water a whitish deposit was thrown down, and 
the medium remained clear; in broth a surface pellicle was formed. 
On potato a dull white growth was developed which later showed a 
white efflorescence; the medium was not stained. On solid media 
the growth was mainly composed of yeast-like cells, but a few 
branched, septate hyphae were also present; in fluid media hyphae 
sometimes predominated. 

The qualitative bio-chemical reactions of this Monilia may be 
tabulated as follows : — 


Arabinose 

... ... 

0 

Inulin 

. 0 

Rhamnose (isodulcite) ... 

0 

Amygdalin 

. 0 

Galactose 

... ... 

0 

Helicin ... 

. As 

Glucose ... 


AG 

J’hlorrhizin 

. O 

Laevulose 


AG 

Salicin ... 

. O 

Mannose... 


0 

Glycerol 

. 0 

Lactose ... 


0 

Erythrol 

. O 

Maltose ... 


AGs 

Adonitol 

. 0 

Saccharose 


AG 

Dulcitol... 

. O 

Raffinose... 


AGs 

Inosite ... 

. O 

Amylum 


0 

Mannitol 

. O 

Dextrin ... 


AG 

Sorbitol ... 

. 0 

Glycogen 


0 




The symbols representing : A = acidity ; G = gas; s = slight; 
O = neither acid nor gas. 


In the media in which acidity was produced the reaction ‘tended 
after a few days to be succeeded by alkalinity. No change was 
produced in Litmus milk. Indol was not produced in peptone 
water. 

As gas was produced in Dextrin as well as in other media the 
organism comes into the ninth group of species of Monilia , the 
Pseudolondinensis group, according to the classification of Castellani 
and Chalmers (1919). Two species belong to this group, namely, 
M. pseudolondinensis , Cast., and M. pseudolondinoides, Cast., 
which appear to differ only in their actions on Litmus milk. The 
more important bio-chemical reactions of these species and of the 
organism just described are given in Table II; it will be noted that 
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the latter species differs from the other two in its actions on 
Galactose, Saccharose, and Raffinose. These differences are 
important, and since the classification of these fungi is at present 


Table II. 

Specie# of the Genu# Monilia belonging to the Psrudolondintnsts group. 


Specie# of Momlta 

a 

i 

CO 

P 

6 

Glucose 

Laevulose 

Maltose 

Galactose 

Saccharose 

Raffinose 

Dextrin 

M . pseudolondtnensis , Cast. 

O 

AG 

AG 

AG 1 

AG 

0 

o 1 

1 

AG 

M. pseudolondtnoidn, Cast. 

AC 

AG 

AG 

AG 

AG 

0 

o 1 

AG 

M. afr.cana , sp.n. 

O 

AG 

AG 

AGs 

O 

AG 

AG* 1 

AG 

__ _ 

_ 


_ 



_ 




A — acid ; G — gas ; s - slight; O = neither acid nor gas ; C — clot. 


based on such bio-chemical reactions, the organism described here 
must be regarded as a new species. For it, therefore, the name 
Monilia africana is proposed. 

Second Case. 

The patient, an adult native man, a Moshi, was suffering from 
persistent diarrhoea accompanied by ascites and oedema of the face, 
especially the left parotid area, the lumbar region, and the penis. 
There was no oedema of the legs. The faeces were semi-fluid, pale 
canary-yellow coloured, and frothy; they contained very numerous 
yeast-like cells. 

The Organism. The Monilia in this case was isolated from a 
culture of the faeces on neutral-red lactose bile-salt agar. The 
colonics of yeast-like cells were rather slow in appearing, being 
detected first after forty-eight hours’ incubation. It was Gram¬ 
positive and not acid fast. It grew well on most solid media, 
spreading as a thin film, and on Glucose agar produced within 
twenty-four hours an abundant white growth. The yeast-like cells 
which composed the greater part of this growth were, as in the 
previous case, somewhat elongated. Under anaerobic conditions 
growth was slower. Gelatin and blood serum were neither liquefied 
nor stained; the growth on gelatin was slow. In broth and peptone 
water a whitish deposit was thrown down, the medium remained 
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clear, and no pellicle was formed. On potato an abundant whitish 
growth was produced, and the medium was not stained. On solid 
media the growth was composed mainly of yeast-like cells, but a few 
branched, septate hyphae were also present; in fluid media hyphae 
sometimes predominated. 

The qualitative bio-chemical reactions of this Monilta may be 
^tabulated as follows :— 


Arabinose . 

0 

Inulin . 

0 

Rhamnose (isodulcite) ... 

0 

Amygdalin 

0 

Galactose . 

A 

Helidn. 

As 

Glucose. 

AGs 

Phlorrhizin 

... ;o 

Laevulose . 

AGs 

Salicin . 

... A8 

Mannose. 

0 

Glycerol 

0 

Lactose. 

0 

Erythrol 

0 

Maltose. 

A 

Adonitol 

0 

Saccharose . 

0 

Duldtol. 

0 

Raffinose. 

O 

I nosite. 

0 

Amylum . 

O 

Mannitol 

0 

Dextrin .. 

0 

Sorbitol. 

0 

Glycogen . 

0 




The symbols representing : A = acidity ; G = gas; s = slight; 
O = neither acid nor gas. 


In the media in which acidity was produced the reaction tended 
after a few days to be succeeded by alkalinity. No change was 
produced in Litmus milk. Indol was not produced in peptone 
water. 

As gas was produced in Glucose and Laevulose only, the 
organism comes into the second group of species of Monilia , the 
Krusei group, according to the classification of Castellani and 
Chalmers (1919). Two species are included in this group, namely, 
M. krusei , Cast., and M. parakrusei 9 Cast., which appear to differ 
only in their actions on Litmus milk. The more important 
bio-chemical reactions of these species and of the organism just 
described are given in Table III; it will be noted that the latter 
species differs from the other two in its actions on Maltose and 
Galactose besides in several minor points. These differences, 
according to the system of classification at present in vogue, are 
sufficient to justify the erection of a new species, and, therefore, 
although the number of species of the Genus Monilia is already 
embarrassingly Large, we propose for this organism the name Monilia 
enterocola. 
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Table III. 


Species of the Genus Monilia belonging to the Krusei group. 


Species of Monilia 

Litmus milk 

Glucose 

1 

J 



Saccharose 

M . krusei , Cast. 

O 

AG 

AG 

O 

0 

0 

M. parakrusei , Cast. 

AC 

AG 

AG 

0 

0 

0 

M, enterocola , sp.n. . 

O 

AGvs 

AGs 

A 

A . 

0 


A = acid; G = gas; i = slight; vs = very slight; O = neither acid nor gas; C = dot. 


SUMMARY 

From the faeces of two Africans suffering from a peculiar form 
of diarrhoea two fungi of the Genus Monilia were isolated, both of 
which appear to be hitherto undescribed species. The one belongs 
to the Pseudolondinensis group, the other to the Krusei group of 
Castellani and Chalmers. The names Monilia africana and Monilia 
enterocola , respectively, are proposed for these organisms. 


III. A NOTE ON A CASE OF OTOMYCOSIS 

Otomycosis is said to be not uncommon in the tropics. It may 
be caused by a considerable number of different fungi, and according 
tQ Castellani and Chalmers (1919), c if they grow superficially, they 
cause no symptoms; but if they penetrate into the mucous membrane, 
they give rise to itching, and sometimes to pain/ 

The patient whose case is the subject of this note was a European 
lady who consulted Dr. C. V, Le Fanu at Accra in the Gold Coast 
Colony, West Africa, on account of pain and irritation in the ear. 
The symptoms had existed for at least a month, but although they 
caused no little discomfort, there was no deafness. On examination 
Dr. L 6 Fanu found that the external auditory meatus was unusually 
narrow, but widened out at its inner end so as to form a small 
chamber immediately external to the drum of the ear. From a patch 
on the vault of this chamber, close to the drum of the ear, the fungus 




was growing and hanging down like a veil. It may be said at 
once that the condition was rapidly relieved, and apparently cured, 
by an application containing as its principal constituent salicylic 
acid. 

The fungus, which grew readily on Sabouraud's njaltose agar 
and was easily obtained in pure culture on this medium, appeared 
to belong to the Genus Sterigmatocystis , Cramer 1859. Two 
species of this genus have been found in cases of otomycosis, namely, 
5 . antacustica and S. mdulans , but the characters of both, as given 
in the descriptions to which I have access, differ slightly from those 
of the fungus isolated at Accra. The exact determination of the 
species of such a fungus is £ matter for a mycologist. I shall, 
therefore, restrict myself to recording certain characters which may 
enable those who have made a special study of these fungi to place 
it more exactly. 

Cultures . On Sabouraud’s maltose agar the growth of the fungus 
was rapid and spreading; at first yellowish-white and felt-like, then 
slightly fluffy with the development of upstanding conidiophores, 
then speckled with dark brown points when the conidiophores began 
to develop their spores, and Anally dark brown or almost black all 
over, resembling a mass of soot. On Glucose agar the initial growth 
at a temperature of 28° C. was almost white, with a somewhat 
puckered and wrinkled surface, but within twenty-four hours became 
yellowish, and began to show upstanding, white conidiophores. On 
the following day the whole surface of the medium was covered by 
a yellow, wrinkled, felt-like growth, on which were very many 
conidiophores, some already dark brown in colour. On the third 
day the whole surface of the medium looked as if it had been thickly 
dusted with soot. Growth, therefore, was rapid and abundant at 
28° C., the temperature of the laboratory; it was, however, even more 
rapid at 3 y° C. In peptone water the fungus grew mainly on the 
surface, but detached fragments in the fluid produced delicate 
networks of hyphae which sometimes resembled puff-balls. Dark 
spores were formed on the conidiophores at the surface. In glucose 
peptone water acid was produced, but no gas. On blood serum 
growth was rather slow, the colonies were white, and the black spore¬ 
bearing conidiophores did not develop for a long time and were 
relatively scanty. Eventually the medium was liquefied. In a 
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gelatin stab culture there was no deep growth, and no liquefaction. 
A white surface growth developed with dark sooty grains, and 
later, just below the surface, there formed compact cerebriform 
whitish masses of the fungus. On potato growth was rapid and 
abundant; at first a yellowish felt-work, finally a sooty mass. In 
Litmus milk acid and clot were produced. The growth was mainly 
at the surface, was yellowish, and developed the usual dark brown 
sooty appearance. 

Mycology . All the growths showed septate, branched hyphae 
of varying diameter. The hyphae appeared colourless when seen 
with a microscope. The lengths of the interspaces were very 
variable. In fluid media, such as glucose peptone water, 
chlamydospores were numerous in the surface felt-like growth. The 
conidiophores were erect. In cultures they were raised about 
I mm. above the level of the medium, but in the ear of the patient 
they appeared to be considerably longer. They were white on first 
appearance, but darkened later. The diameter of the stem was 
variable, but averaged about 14/*. The head was almost spherical, 
slightly broader than long, its diameters averaging 40/* and 37/* 
respectively; it was covered almost completely by sterigmata, only a 
very narrow zone at the proximal end, at the insertion of the stalk, 
being free from them. Both primary and secondary sterigmata 
were present; the primary sterigmata were about 12 n long (average 
of ten), the secondary about 8 n long (average of ten). There were 
usually four secondary sterigmata on each primary sterigma. The 
spores were dark brown in colour, and spherical in shape; diameter 
4A* to 5 * 2 /*, average 4 5/*. 

Animal inoculations . Two wild Mus rattus were given intra- 
peritoneal inoculations of an emulsion of a small fragment of the 
original culture in normal saline. No ill-effects were observed to 
follow. A little of the same culture was applied to the external 
auditory meatus of a pouched rat ( Cricetomys gambianus ), a sheep, 
and a small monkey ( Cenopithecus patas) after scarification, but no 
otomycosis was produced. 
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IV. TONSILLAR NOCARD IOMYCOSIS 

One case of tonsillar nocardiomycosis has been met with at Accra. 
The patient, a European man, about thirty-two years of age, showed 
a number of small white concretions in crypts of both tonsils. The 
throat was not inflamed, and there was neither pain nor discomfort; 
but the presence of the concretions had been detected by the patient 
at least a month previously, and he was worried about them as they 
did not show any signs of disappearing. 

Scrapings from one of the white patches consisted mainly of 
fungal hyphae in short lengths. They were about 1/1 in diameter, 
branched, and either Gram-positive or composed of Gram-positive 
coccoid bodies and rods connected together by Gram-negative 
strands. 

Inoculations made on agar and glucose agar were unsuccessful. 
Further particulars with regard to the fungus cannot, therefore, be 
given. 

This condition is referred to by Castellani and Chalmers (1919) 
in their Manual of Tropical Medicine . The above case is recorded 
here merely to draw attention to the fact that it occurs in West 
Africa. 
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A FUNGUS OF THE GENUS NOCARDIA 
CULTIVATED FROM HEART BLOOD 


BY 

J. W. S. MACFIE 

AND 

A. INGRAM 


(Received for publication 24 August , 1921) 


The fungus here briefly described was cultivated from blood 
withdrawn from the heart at the autopsy on a patient who died in 
May, 1920, at Accra, of an obscure complaint. The notes of the 
case are as follows : — 

The deceased was a native man, about twenty-five years of age, 
regarded clinically as possibly suffering from encephalitis lethargica, 
and said to have been ill six days before death. He was 
stated to have shown paretic symptoms of the arms, and to have 
had convulsive seizures during which there was opisthotonus. 
Consciousness was lost temporarily during the illness, but was 
recovered before death. 

At the autopsy, which was made on the 14th of May, 1920, eight 
hours after death, the body was found to be well nourished; post¬ 
mortem rigidity was present in the legs and arms but absent from 
the neck. There was an old scar over the external aspect of the 
right upper arm immediately above the elbow joint, an old circular 
cicatrix about the size of a sixpenny piece over the left malar bone, 
and a small punctured wound at the back of the neck on a line with 
the thyroid cartilage: the latter wound was oozing blood, and,may 
have been inflicted after death when placing the body in the coffin. 

On examining the internal organs, both lungs were found to be 
affected,with broncho-pneumonia: the left lung was adherent to the 
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parietal wall by recent fibrinous formations. Brain: meninges 
somewhat congested; blood vessels in sulci engorged; no pus on 
the surface nor at the base. Heart: blood fluid; no abnormality 
noted. Cultures were made with blood obtained from the heart by 
puncturing the organ after searing its surface and taking every 
precaution to avoid contamination,: in these cultures the Nocardia 
was grown. Digestive track, spleen, kidney, and liver: congested, 
but otherwise showed no apparent pathological condition. 

The organism cultivated from the heart blood of this case grew 
well on blood agar and ‘ nasgar * at 37 0 C. and at the temperature 
of the laboratory, about 26° C., producing a somewhat slowly 
spreading growth which was very firmly adherent to the medium. 
The colonies were at first smooth and dome-shaped, but later 
became puckered and opaque in the middle and radially striated 
and semi-transparent at the periphery. After a few days an 
efflorescence appeared on the older parts of the growth which in 
the earliest cultures was abundant and blue, and in later sub¬ 
cultures was scanty and grey or white. The medium sublying 
the growth was not stained. The organism grew both aerobically 
and anaerobically, but slowly and rather feebly under the latter 
conditions. The cultures had no distinctive odour. 

When examined microscopically the growth was seen to be 
composed of freely branching non-septate hyphae about ip or less 
in diameter. In old cultures many of the hyphae were more or less 
fragmented, and the ends of some of the filaments were slightly 
thickened and club-shaped. The organism was Gram-positive but 
not acid fast. * 

It grew well on blood-agar and ‘nasgar,* as already stated. 
When first isolated it grew scantily on agar, but subcultures were 
not successful. It did not grow on glucose agar or maltose agar. 
On potato it produced an abundant whiteish growth which developed 
a brown or grey-brown efflorescence and stained the medium dark 
brown. On blood serum it grew well, causing no liquefaction but 
staining the medium dark brown. It did not grow on gelatin, nor 
in ordinary broth and peptone water. 

Its qualitative bio-chemical reactions were tested, and no change 
was produced in any of the following:—Arabinose, Rhamnose 
(iso-dulcite), Galactose, Glucose, Laevulose, Mannose, Lactose, 
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Maltose, Saccharose, Raffinose, Amylum, Dextrin, Glycogen, 
Inulin, Amygdalin, Helicin, Phlorrhizin, Salicin, Glycerol, Erythrol, 
Adonitol, Dulcitol, Inosite, Mannitol, Sorbitol, and Litmus milk. 

A guinea-pig inoculated intraperitoneally with an emulsion of a 
culture appeared to be unaffected. This experiment, however, was 
not made until seven months after the organism was isolated. 

The organism showed the characters of a fungus of the Genus 
j Nocardia , but so far as we are able to ascertain, does not correspond 
with any of the numerous species already described. Although it 
was obtained in cultures made from blood aspirated from the heart, 
it is not possible to say if the organism is pathogenic to man, but 
the fact that its growth was almost restricted to potato and media 
containing either blood serum or ascitic fluid is perhaps significant. 
We propose for this fungus the name Nocardia cruoris . 

SUPPLEMENTARY NOTE ON A CASE OF 
BRONCHOMONILIASIS IN A NATIVE OF 
THE GOLD COAST 

A short time ago (1921) we described a fungus of the Genus 
Monilia which we had isolated from a case of bronchomoniliasis at 
Accra. The fungus belonged to the Tropicalis group of Castellani 
and Chalmers, and closely resembled in its bio-chemical reactions 
M . nwea , but we could not say at that time whether it was actually 
the same or distinct, because we were unable to test its action on 
Raffinose. 

We are now able to fill in this gap in our description, and to 
state that neither acid nor gas is produced in Raffinose. The 
fungus, at the time this reaction was tested, had been isolated and 
maintained in cultures in the laboratory for about eight months, but 
a re-examination of its other bio-chemical reactions showed that 
they had not appreciably altered. The organism, therefore ^ cannot 
be regarded as M. nivea , and as previously pointed out, it differs 
from all the other members of the Tropicalis group; it must, 
therefore, be regarded as a new species, for which we propose the 
name Monilia accraensis. 
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In support of the view that the failure of the fungus to ferment 
Ralfinose was not due to the loss of this property after isolation 
from the human host; it may be added that we have recently 
obtained the same organism from the sputum of another native 
patient at Accra, and that when tested immediately after isolation 
it produced neither acid nor gas in this medium. 
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REPORT ON RAT-FLEA INVESTIGATION’ 

BY 

R. NEWSTEAD, F.R.S. 

AND 

ALWEN M. EVANS, M.Sc. 

{Received for publication 25 August , 1921) 

INTRODUCTION 

The investigation was carried out in conjunction with Dr. E. W. 
Hope, Medical Officer of Health for the City of Liverpool, and his 
Assistant, Dr. W. Hanna, whose material assistance has made it 
possible for us to carry it to a successful conclusion. 

The object of the investigation was to determine the distribution 
of the various species of fleas occurring on the rats in the Port and 
City of Liverpool, with special reference to those species which are 
responsible for the transmission of plague from rat to rat and from 
rat to man. 

The period during which the investigation was carried out 
extended from April 12th, 1920, to April 12th, 1921, rats being 
examined daily five times each week, except during the month of 
August and from December 22nd, 1920, to January 12th, 1921. 

TECHNIQUE 

As a preliminary to these investigations, field observations were 
conducted as to the general methods adopted by the professional 
rat catchers in the capture of the animals on board ship and in the 
city. 

It was then decided that the rats sent to the laboratory for 
examination were to be taken alive from the traps, and placed singly 
in strong calico bags. The bags were subsequently placed in a 
lethal chamber, where they remained until the rats and the fleas 
upon them were dead. This method ensured that all the fleas living 
on each rat at the time of capture were secured. It was further 

* • Reprinted from The Annual Report of the Medical Officer of Health {Liverpool) to the 

Port Sanitary Authority , for the year 1920, by permission of Prof. E. W. Hope, M.D., with 
additional charts, etc. 
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decided that, as far* as possible, only rats caught singly in traps 
were to be sent to the laboratory, because it was seen that, when a 
number of rats are together in one trap, sweating is apt to occur, 
with the result that the fleas leave the rats before the latter are 
captured. 


LABORATORY METHODS 

The fleas were collected from each bag and rat, over a sheet of 
white paper, and placed in a numbered watch-glass containing 
glycerine. In this medium they were arranged ip rows on a slide, 
and identified by microscopical examination. 


DEFINITION OF ZONES 

ZONE I.—Ships. The number of ships from which rats were 
received was one hundred and twenty-five. The ports from which 
the ships sailed are named in Table I ( vide infra), 

ZONE II. —Docks, etc. This Zone comprises that part of the 
Port of Liverpool lying west of a certain line, which defined as 
accurately as possible the eastward boundary of the warehouse area 
of the Port. * 

(a) Docks . This section of Zone II is limited to the wharves 
themselves and the sheds actually situated on the Docks. 

( b ) Warehouses . This section includes the rest of Zone II; the 

majority of the buildings, from which rats were received, were 
warehouses. • 

ZONE III.— City. All of the City east of the line bounding 
Zone II is included in this Zone. 


THE SPECIES OF RATS 

No attempt is made to separate the varieties of the species 
Mus rattus and Mus norvegteus , Mus rattus and its varieties are 
included under the heading * black rat/ and Mus norvegteus and 
any varieties are referred to as ‘ brown rats. 1 

As will be seen from the following table, all the rats received from 
ships were black. In Zone TIa the black rats outnumbered the brown 
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Table I. 


Showing the number of rats received from ships sailing from the various ports. 


Region 

Port 

No. of rats 

Mediterranean . 

Alexandria . 

64 


Constantinople. 

5 


Costanza . 

2 


Genoa . 

5 


Salonika. 

4 

80 

India, Ceylon, £. Indies, Burma 

Bombay*. 

5 

Calcutta* . 

18 


Colombo* . 

4 


Rangoon* . 

47 


Java* . 

1 

75 

East Africa. 

Beira* . 

1 


Mombasa* . 

3 


Various Ports .. 

1 

< 

West Coast of Africa . 

Various Ports . 

59 

West Coast of S. America . 

Valparaiso . 

5 


Callao ... . 

1 > 


Coronel. 

, 18 


Pisco* . . 

, 3 


Talcahuano 

1 3 


Various Ports. 

33 

75 

Brazil . 

Bahia*. 

1 


Pernambuco*. 

18 


Rio de Janeiro*. 

13 


Rio Grande . 

5 

37 

Argentine. 

Buenos Aires . 

53 


R. Plate. 

>7 


Rosario. 

*5 

North America 

Galveston . 

14 


New Orleans . 

40 


New York . ... ’ ... 

v-ft 


# Within the Tropics. 
































290 


rats by nearly five to one. In Zone IlB, the black rats were modi 
more numerous than the brown rats. In Zone III, however, the 
position is more than reversed, the brown rats being nearly nine 
times as numerous as the black rats. 


Tablt II. 

Showing the distribution of black and brown rats. 


Zone 

Black rats 

Brown rats 

Total 

I . 

469 

— 

469 

IIa ... ... ... ... 

24 

5 


IlB. 

442 

*74 

716 

Ill . 

20 

179 

199 

Totals. 

955 

458 

I > 4 1 3 


Tabli. III. 


Showing distribution of the various species of fleas. 


Zone 

Xenopsylla 

cbeopis 

Ceratopbyllus 

fasciatus 

Ceratopbyllus 

londinunsts 

Leptopsylla 
mu scuh 

Ctenocepbalus 

Cants 

Totals 

I . 

489 


I 


— 

706 

IIa. 

10 


I 


~ 

91 

IlB. 

60* 


3 

326 

— 

00 

vO 

O 

Ill . 

1 

3 

320 

12 

10 

i 

346 

Totals 

562 

2,124 

>5 

353 

1 

3 .° 4 S 


• This figure includes 56 specimens from No. 32 T-Street. 


OBSERVATIONS ON THE VARIOUS SPECIES OF FLEAS FOUND 

Xenopsylla cheopis, Rothsch. 

The Indian Plague flea is ‘ the common rat flea of the tropics ’ 
(Rothschild, 1910). It is prevalent also in sub-tropical countries, 
and 1 is common during summer and autumn in some of the warmer 
parts of the temperate zone, more especially in ports which have 
maritime intercourse with the tropics’ (Chick and Martin, 1911). 
It has been demonstrated experimentally by Bacot (1914) that 
temperatures below 40° F. are fatal to all but the imaginal stages 






























of this species. Its almost complete absence from more northern 
latitudes is therefore attributed to the low winter temperatures which 
prevail there. In England, X . cheopis has been recorded from a 
brown rat at Plymouth (one specimen) (Rothschild, 1905); from a 
plague-infected brown rat at Bristol (two specimens), 1916, taken in 
a rag factory that was the seat of an outbreak of plague; and in 
1911 from Guy's Hospital, London, where the species had established 
itself on a colony of brown rats. In the last case, it was found 
that the infested rats were living in an artificially heated environ¬ 
ment, beneath the laboratory, and the presence of this, the first 
flourishing colony of X. cheopi$ to be found in England, was 
attributed to this fact. 

Seasonal Variation (Chart II and liable VII). Zone I is the 
only Zone from which a sufficient number of specimens of X . cheopis 
have been found to allow of any deductions as to seasonal variation. 
The curve, Chart II, has no very well marked characteristics; the 
highest point reached, June, 1920, rises from low figures in both 
May and July. The months September, October, November, show 
a second but not so great elevation, falling to the lowest figure 
in December. 

In view of the prophetic statement put forward by Chick and 
Martin (1911, p. 125), it is interesting to observe that we have found 
a number of X. cheopis on the ship rats during every month in the 
year, the lowest being 0 30 in December, 1921, and the highest 
2* 18 in June—not in September, as might have been expected. 

Owing to the large numbers of Xenopsylla cheopts which occur 
on ship rats, it would appear likely that this species might be present 
on some of the rats found in the dock sheds. This was found to be 
the case; out of the twenty-four rats received from Zone IlA, three 
were found to carry X . cheopis . The data were as follows: — 


Table IV. 


No. 

Date 

Rat 

Building 

X. ebeepts 

Black 

Brown 

127 

3 I.V .20 

1 

— 1 

S. H-Dock 

2 

148 

7.V1.20 • 

1 

— 

S. C - Dock 

7 

192 

23.vi.20 

— 

1 

C— — Dock 

1 

Total 


2 

* 


to 
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In Zone IIb and Zone III, apart from the colony of X. cheopts 

found in T- Street, which is dealt with in a separate section, 

isolated specimens of this species were found in a few cases. The 
data are as follows: — 


Tabif V. 
Zone ITb. 


No. 

Date 

Rj 

iT 

Building 

X. cbtopis 

Black 

Brown 

1019 

21.1.21 

— 

1 

. 1 

14 C-Street 

1 

1127 

10.ii.21 

— 

1 

1 

29 C-Street 

1 

ii 35 

11.ii.21 

— 

1 

27 K-Street 

1 

1417 

12.iv.21 

— 

1 

M-Mills 

1 

Total 


0 

4 


4 


Zone III. 


; 

No. 

1 Date 

Rat 

Building 

1 

1 

X cbeopts 

Black 

Brown 

1068 

3 i.i. 2 i 

__ 

I 

3 B". Road 

1 

: 

1401 

8.U.21 

1 

— 

W-Village 

i 

2 

Total 


■ 

l 


3 


Ceratophyllus fasciatus , Bose. 

This is the common rat flea of temperate countries. In the rural 
districts of Suffolk and North Essex, Strickland and Merriman 
(1913) found this species to comprise 60 per cent, of the flea 
population of rats. Our figures show a much higher percentage of 
C. fasciatus for the city of Liverpool:—78 per cent, in Zone IlB and 
92 per cent, in Zone III. 

Seasonal Variation (Chart III and Table VII). The curve of 
frequency for Zone IlB reaches a markedly high level during 
the summer months, with elevations in May-June and again in 
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September. A distinct depression occurs in July. The temperature 
curve (Chart I), on the other hand, is considerably higher in this 
latter month than in May. In September it is lower than in July. 
The frequency curve for Zone III is based on a much smaller number 
of records than that for Zone IlB, but with one exception it possesses 
the same characteristics as the latter. The exception occurs in 
January, when it rises to 4*11. This high figure is due to the 
occurrence of two very heavily infested rats among a total of nine. 
The average infestation of the other seven rats was only 07. It is 
apparent that there are two periods of maximum prevalence of the 
species, one in early summer, and a second in September. (The 
latter may possibly begin during August.) These periods both 
occur during the warmer half of the year, but the lack of detailed 
correlation between the frequency and temperature curves makes it 
clear that in Liverpool the prevailing atmospheric temperature has 
not such a direct influence on the prevalence of the species, as 
results obtained elsewhere in this country have suggested. 

There is no correlation between the curves of average humidity 
and frequency of C. fasciatus . It must be noted, However, that 
the former is based on records taken in the open, and that the 
atmospheric humidity probably differs considerably in the buildings, 
sewers, etc., frequented by rats. 

HOSTS. All the rats from Zone I were black, therefore no 
comparison between the number of fleas found on the different species 
of rats can be made for this Zone. In Zone II the infestation of 
brown rats with C. fasciatus was rather heavier than that of the 
black rats. 


Leptopsylla tnusculi , Dugis 

This is a widely distributed species naturally parasitic on mice 
(Mus muscuius) t but frequently found on rats where the latter inhabit 
buildings, etc,, frequented by mice. This species is a proved 
potential carrier of plague bacillus, and 1 a small percentage * will, 
according to Bacot (1919), ‘bite man under certain conditions/ 
Strickland and Marlin (1913) found it to comprise a very small 
percentage of the flea fauna of rats in East Suffolk and North Essex, 
only three specimens being taken in all. Bacot (1919), however, 
considers that this species may be more prevalent in England than 
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this figure suggests. As the following figures show, this is the case 
in the city of Liverpool:— 

percent. Z. musculi. 

Zone IlA . 97 per cent, of total. 

Zone IIb . 17-2 ,, ,, 

Zone III . 2*8 ,, ,, 

Seasonal Variation (Chart IV and Table VII). The curve 
shows that the species is most prevalent in Zone II during the 
months of June-September, after which the numbers fall away to 
almost zero during December-April. This curve agrees largely with 
that for C, fascialus in Zone IlB, but the rise takes place a month 
later, and the disappearance during the winter months is more 
complete. As in the case of C. fasciatus , the curve rises to a high 
level during September in spite of the drop in temperature during 
this month. 

HOSTS. The numbers of Z. musculi per rat were almost equal on 
the two species, the averages were: — 

Zone II.—Brown rat ... Number of fleas per rat 0*41 

Black rat ... „ ,, „ 0*48 

„ III.—Brown rat ... ,, ,, ,, 005 

Black rat ... „ „ „ 0*05 

Ceratopkyllus londiniensis , Roths. 

This species is said to be ‘ A rare Mediterranean species, 
probably introduced by port rats, has occurred in the house* mouse 
(Mus musculus ), and possibly on the brown rat (jEpimys norvegicus) 
in London, Dover and Aberdeen.* (Rothschild, 1911.) 

Its distribution in Liverpool is interesting; apart from two 
isolated cases in Zone II, the records, four in all, came from a 
certain area, where the species appears to have established itself. 


Ctenocephalus canis , Curtis 

The common dog flea. This species has frequently been recorded 
from rats, sometimes in large numbers. It was therefore surprising 
to find only one specimen, which occurred on a brown rat from 
Zone III. 
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Ctenopthalmus agyrtes> Heller 

Strickland and Merriman, and Nuttall and Strickland, working 
in rural districts of East Anglia, found this species to comprise a 
large proportion of the rat fleas in this .part of England. Our 
records, however, show a complete absence of this species. 
RothschiJd (1915) states that this species occurs on the 'brown rat 
. . . living in the fields, and on the bank vole . . . the common 
shrew . . . and others/ It is not, therefore, surprising that it is 
not found on rats in such an urban district as the City of Liverpool. 
Further, ten other species of Pulicidae, which are recorded by the 
above-named authors, from rats in East Anglia, and which are 
naturally parasitic on birds and small wild mammals, are likewise 
absent from our records. 


PERMANENT BREEDING PLACES OF XENOPSYLLA CHEOPIS 

On the last day of January, 1921, a specimen of X. cheopis was 

found on a brown rat from No. 32, T- Street. We requested 

that more rats should be sent from this building, and altogether we 
received during the first half of February thirteen brown rats from 
which no fewer than fifty-six X. cheopis were taken. The records 
were as follows : — 

Table VI. 


No. 

Date 

ftrown 

X. cheopis 

C. fasciatus 

1067 

3i.i.2i 

l 

1 

— 

1087 

3.11.21 

1 

5 

2 

1094 

4-ii.2i 

1 

5 

7 

109$ 

4.11 21 

1 

5 

4 

1096 

4-ii 21 

1 

9 

4 

1097 

4.11.21 

1 

7 

2 

1103 

7.H.21 

1 

6 

0 

1104 

7.H.21 

1 

2 

8 

1105 

7.11.21 

1 

6 

4 

1106 

7.U.21 

l 

1 

0 

1107 

7.11.21 

1 

3 

A 

1108 

7.ii.2i 


5 

2 

”33 

11 ii.21 

1 

1 

— 

Total . 


13 

' 56 

1 

V 


Average X, cheopis per rat — 4*3. 
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There can be no doubt that here at T- Street is a second 

4 flourishing colony of X. cheopis in the British Islands/ As in the 
case of the first such colony to be discovered (Rothschild, 1911), its 
existence is probably to be attributed to the fact that its hosts were 
living in an artificially heated environment. 

Beneath the middle of the roadway adjoining the premises 

T- Street runs a steam culvert. The excavations, which it was 

possible to make, revealed that the rat burrows lead in the direction 
of the culvert. It was, therefore, thought probable, that the nests 


Table VII. 

Showing the average frequency during each month of the common specie* in the 7one» in 

which thev occur. 


Date 

A\ orage 
Mean 
Tempeia- 
ttire 

Average 

Humidity 

Zow I 

Zone II (b) 

Zone III 

Ccrato- 
phyllus 
fast >aiu$ 

Xeiop- 

sylla 

cheopu 

Ccrato- 

phyllus 

jasciatus 

Ccrato- 

phyllus 

jasciatus 

Lcptop- 
sylla 
must uh 

1920— 








April 

46-3° 

73 

o *33 

1 75 

i2'66* 

0*0 

No 1 at* 








lcteivcd 

May 

<52-9° 

74 

°’S 9 

0*90 

3-38 

0*32 

»» 

June 

57-8° 

73 

2‘l8 

1 

0*40 

V28 

1-84 

3' 2 7 

July 

57 ‘ 2 ° 

79 

1 

o‘i6 

270 

0*89 

ro7 

August . . 

5 * 4 ° 

80 

Investigati 

on suspend 

rd. 



September 

5 S*S° 

81 

r<>8 

0*0 

5*17 

r «3 

* 2 ‘ 2 4 

October ... 

51*1° 

84 

*75 

l 

0*22 

1*82 

U'46 

1*09 

November... 

45-8° 

83 

ri8 

o *37 

r6i 

0*41 

o*68 

December 

40 * 5 ° 

86 

0-30 

0*09 

1-29 

0*06 

0*58 

1921— 








January ... 

46*0° 

84 

0*48 

0*03 

vig 

0*04 

4 -n* 

February ... 

4 i-«° 

84 

o *93 

°75 

r 33 

0*04 

1-27 

March 

45 * 5 ° 

79 

0*90 

070 

ro8 

0*07 

1*00 

April 

467 ° 

74 

roo 


0*61 

0*09 

0*40 


* Based on a very small number of records. 
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of the rats were situated in the near neighbourhood of the steam 
culvert, and as the temperature of the latter was found on 21.2.21 
to be I05°F., the area surrounding it for a considerable distance 
must be maintained at a temperature higher than the normal. 
Unfortunately it was impossible to trace the burrows far enough to 
discern whether the nelsts were actually within the area influenced 
by the steam culvert, and, therefore, the suggested explanation of 
the presence of this colony of X. cheopis can only be regarded as an 
extremely probable one. 


SUMMARY 

1. Five species of fleas were found to occur on rats from 
the ships, Port, and City of Liverpool. They were:— Xenopsylla 
cheopis , Ceratophyllus fasciatus , Leptopsylla musculi , Ceratophyllus 
londiniensis , and Ctenocephalus cants. 

2. Xenopsylla cheopis occurred freely on ship rats throughout 
the whole period of the investigation. It was also found on three 
rats from the dock sheds, and isolated specimens were found on four 
rats from Zone IlB, and on two rats from Zone III. A permanent 
breeding place of the species was discovered in certain premises in 
Zone lib. 

3. Ceratophyllus fasciatus was universally prevalent during the 
whole course of the investigation. The number of fleas per rat was 
greatest during the summer months, but the curve of frequency could 
not be correlated in detail with that of the average temperature, 

4. Leptopsylla musculi was most prevalent on rats from Zone II. 
It occurred very rarely upon ship rats. Ceratophyllus londiniensis 
was found rarely in Zones II and III, and of Ctenocephalus cants 
one specimen was taken in Zone III. 



40-0° F 
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April May Jane July Aag. Sept. Oct. Nov. Deo. Jan. Feb. Mar. April 
Black line:—Average number of fleas per rat in Zone IIb. 
Dotted line:—Average number of fleas per rat in Zone III. 
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April May Jose July Aug. Sept Oct Nov. Dec. Jan. Feb. Mar. April 


Average number of fleas per rat in Zone II b. 
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NATURAL ENEMIES OF 
STEGOMYIA CALOPUS , Meigen 

BY 

C. J. YOUNG 

From the laboratory of the Liverpool School of Tropical 
Medicine , Mandos 

(Received for publication 25 July, 1921) 

Plates XIX and XX 

During the examination of various collections of water in Mandos 
for the larvae of Stegomyia calopus, their absence from many 
apparently suitable breeding-places attracted attention. Larvae 
were found capable of developing in water taken from some of these 
places, except when certain insects were present. A collection of 
various aquatic insects from ponds, igarapes, etc., was therefore 
made and placed in jars of water together with the larvae of 
S. calopus. Under these conditions the following were found to 
destroy Stegomyia larvae with varying degrees of efficiency: larvae 
of dragonflies, water bugs (Hemiptera) and their larvae, larvae of 
water beetles, and two others not identified. Of these the larvae of 
dragonflies and water bugs were found to be the most destructive to 
the larvae of 5 . calopus in captivity. 

The habits of 5 . calopus larvae, which constantly range about 
in search of food, render them particularly liable to attack by 
predaceous insects, as compared to certain Culex and Anopheles 
larvae which may remain stationary at the surface for long periods. 
The commonest mosquito larvae found in Mandos were those of 
Stegomyia calopus and Culex fatigans ; these two species were 
frequently discovered breeding together in wells, barrels and other 
collections of water. The movements of both larvae and pupae of 
C. fatigans differ from those of S. calopus in being much quicker, 
thus rendering them less easily caught by predaceous insects. The 
larvae of C. fatigans spend most of their time at the surface, but 



descend occasionally. On the other-hand, the larvae erf S. calopus % 
although occasionally searching the surface film for food, while 
taking in air, spend most of their time ranging over the bottom and 
sides of their habitat and are thus particularly exposed to attack by 
the dragonfly larva, which lies in wait at various depths below the 
surface. 


DRAGONFLY LARVAE 

Dragonflies are present in Mandos throughout the year, there 
being no cold season, and larvae were readily found at all times. 
Although representatives of the AGRIONIDAE have been found in 
Mandos, members of the AESCHNIDAE and LlBELLULlDAE have been 
used exclusively in this work. Two species of each of these families 
are shown (Plate XX, figs. 4 to 7). The larvae of the LlBELLULlDAE < 
(Plate XX, figs. 4 and 5) differ from those of the AESCHNIDAE 
(Plate XX, figs. 6 and 7) in having the abdomen shorter than the 
hind legs. According to Miall (1912), the larvae feed on insects, 
snails, tadpoles, and small fishes. In the laboratory they were 
observed to attack other aquatic insects, including members of their 
own species, water bugs and also tadpoles. I have never observed 
them attempt to seize any object which was not moving. Larvae 
have been observed resting on plants and on the sides and bottoms 
of artificial ponds and fountains, igarapes and other natural 
collections of water. They usually remain motionless and await the 
approach of suitable prey, which they seize by suddenly shooting 
out the labium. This is carried on a jointed arm which lies below 
the head and thorax when not extended. The victim is then broken 
up rapidly by the jaws and swallowed, only three or four seconds 
being required for disposal of a Stegomyia larva. When the moving 
object is out of range of the labium they sometimes spring towards 
it by squirting water from the rectum. When disturbed they also 
use this method of moving to a greater depth. Respiration is 
carried out by drawing water into the rectum, but the more fully 
developed larvae are said to be able to take in air through the 
thoracic spiracles and, in the case of Aeschnid larvae, directly into 
the rectum (Miall, 1912). 

They are able to live in comparatively foul water. A dragonfly 
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deposited eggs in a barrel containing thick greenish water with 
traces of oil on the surface and sides of the barrel and decomposing 
vegetable matter at the bottom. Larvae of the type shown on 
Plate XX, fig. 5, developed and lived for at least thirty-nine days, 
by which time they had reached a size of 2 cms. in length. Observa¬ 
tions could not be continued. No dragonfly larvae were found in 
water which did not receive rain. 

One of the dragonfly larvae selected for experiment was identified 
as Pantala flavescens , F., by Dr. G. A. K. Marshall, who describes 
it as a ‘migratory and almost cosmopolitan species.* It was found 
in several of the artificial ponds and fountains in public squares in 
Manaos (Plate XIX, figs. 1 and 2), in the igarap^s, and by Dr. R. M. 
Gordon in a broken drainpipe under the pavement of one of 
the public thoroughfares (Plate XX, fig. 3). In the pond shown 
(Plate XIX, fig. 1) they were constantly present along with various 
other species during the period of ten months that they were 
observed. They destroyed S. calopus larvae and pupae of all sizes, 
usually disposing of the larger ones first. 

Six undetermined species of dragonfly larvae were also 
experimented with, all of which proved destructive to the larvae of 
S. calopus . 


WATER BUGS, HEMIPTERA 

The distribution of the water bugs (Zaitha spp.) used in 
the experiments is somewhat similar to that of the dragonfly larvae, 
the former having been found occasionally in the pond shown in 
Plate XIX, fig. 1, and in the igarap6s. They are not, however, so 
plentiful, and difficulty was experienced in obtaining a supply at 
times. They fed on aquatic and other insects, such as grasshoppers, 
etc., when placed on the surface of the water, but only when living 
and showing movement. They also attack their own species. They 
suck the body juices of their victims, a specimen measuring 1*3 cms. 
in length taking anything from five to fifteen minutes to dispose of 
a fully grown 5 . calopus larva. The water bugs are thus consider¬ 
ably slower than the dragonfly larvae, but can continue feeding for 
a longer period. They usually rest on plants or sides of ponds with 
the posterior end of the body at the surface, the head downwards 
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and the front pair of legs hanging free. When a suitable victim 
approaches it springs on it by a quick movement of the hind legs 
and seizes it with the fore legs which are adapted for clasping. 
When the captured insect is large all the legs may be used for 
gripping, and at least three mosquito .larvae can be held at a time. 
Both adult and larval water bugs fed freely on Culicine larvae. 

FEEDING EXPERIMENTS 

Experiments were carried out to test the relative efficiency of 
dragonfly larvae and water bugs under artificial conditions. 

Laivae of P. flavescens f measuring from 1*4 to 21 cms., and 
water bug larvae of ri to 19 cms. in length, were used. Large 
cylindrical glass jars containing two litres of tapwater were 
employed, the depth of water in the jar being 10 cms. Twenty 
fully grown mosquito larvae were used in each experiment and were 
introduced before the insects to be tested, of which two were always 
employed. The temperature of the water varied between 28'5 0 and 
32 0 C. The jar was observed continuously for the first half hour, 
and at three-quarter, one, one and a quarter, one and a half, two, 
two and a half, three and five hours, and the number of larvae 
destroyed during each period recorded. A control jar was used 
containing twenty mosquito larvae similar to those used in the 
experimental jar. Control larvae died in one experiment only, and 
this is not included below. In the graphs shown in text-figs. I 
and 2 the ordinals represent larvae destroyed and the abscissae time 
in hours. The curves in text-fig. 1 represent the averages of two 

Fig. 1. 


a a c. c. o. b. 
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experiments in each case, but in fig. 2 each curve is constructed from 
one experiment. It will be observed in text-fig. i that fastest time 
was made bv dragonfly larvae with S. calopus and second fastest 
by a combination of dragonfly, water bug and Stegomyia larvae. 
The other curves show only slight differences. In fig. 2 a mixture of 

F|0. 2. 

s. + C. S. + C. s. + c. 



io larvae of 5. Calopus. 
io larvae of C.fattgans. 


equal numbers of S. calopus and C. jatigans larvae were used, and 
here a combination of dragonfly with water bug larvae was the most 
effective. In the dotted curve the two dragonfly larvae destroyed all 
the 5 . calopus in three minutes, but took five hours to the remaining 
Culex larvae. 

So far as rate of destruction was concerned, therefore, under 
these artificial conditions, dragonfly larvae alone were the most 
effective with S calopus larvae, and a combination of water bug and 
dragonfly larvae with those of C. fatigans . 

As regards quantity, the largest number of fully grown S. calopus 
larvae destroyed by a larva of P . flavescens in twenty-four hours 
was one hundred and fifty-six. This larva during five days, being 
fed on the first, third and fifth days only, consumed three hundred 
and seventy-nine larvae. The largest number destroyed by a 
water bug was one hundred and six in twenty-four hours, but only 
half of these were killed for feeding purposes; a commoner figure is 
about sixty. When about to moult these insects cease feeding, so 
that the numbers consumed in twenty-four hours varied from o to 
the maxima mentioned. 
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Some experiments with dragonfly larvae were carried out under 
natural conditions. 

An uncovered cement tank, measuring i metre square by 78 cms. 
deep, in a backyard was filled with water to within 10 cms. of the 
top. Between one thousand one hundred and one thousand two 
hundred mosquito larvae in all stages of development were 
introduced. The great majority of these were 5 . catopus> but a 
number of C. jatigans were also included. Pupae and eggs were 
also present. As a control, a glass jar was filled with water from 
the lank and a few of both species of larvae added. 

At zero (five hours later) both species of larvae could be detected 
by a few moments inspection of the surface of the tank. Seven 
larvae of P. flavescens y varying in length from 2*3 to 1*3 cms., were 
then introduced. 

At sixteen hours both species of larvae could be detected. 

At twenty-four hours no Stegomyia larvae could be found after 
fifteen minutes search, but Culex larvae were still present. 

At foity hours a few newly hatched Stegomyia and three Culex 
larvae only were found. One dragonfly larva was found dead. 

At forty-eight hours no larvae of any kind were found. 

At fifty hours the tank was emptied by syphoning out the water 
through several layers of gauze. No mosquito larvae were found. 

In the control jar, which had been kept beside the tank 
throughout the experiment, the larvae remained alive and active. 
The temperature of the water in the tank varied between 29*5° and 
33 * 5 ° C. 

In the following experiment two barrels kept in an # enclosure 
behind the laboratory were used. Although frequently receiving 
rain the water in these barrels was somewhat foul, particularly in 
one which had recently contained oil. In size they measured 
85 cms. by 56 cms. at the widest part and the depth of water in 
each was 65 cms. Stegomyia calopus was breeding naturally in 
both, large numbers of pupae and larvae in all stages of development 
being present. 

At zero (1 p.m.) five larve of P. flavescens were introduced into 
one barrel. 

At eighteen hours only small larvae were present. 

At twenty-four hours no larvae were found. 
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During this period larvae and pupae continued to be present in 
tbe control barrel to which the five dragonfly larvae were then 
transferred. 

At three hours pupae and larvae were still present. 

At seventeen hours only small larvae were present. 

At twenty-four hours a few small larvae were present. 

At forty-two hours no larvae were found. 

Thus two barrels were cleared of Stegomyia larvae in twenty-four 
hours in one case, and in forty-two hours in the other, after the 
introduction of five dragonfly larvae. 

The latter were allowed to remain in the last-mentioned barrel, 
which contained the larvae of various other insects. During the 
succeeding twenty-six days, five dragonflies hatched, no Stegomyia 
larvae were observed, but on three occasions newly hatched Culex 
larvae, which did not reach the pupal stage, were found. During 
the last nineteen days of this period Stegomyia and Culex larvae 
were present in the other barrel. 

No Stegomyia larvae were found in Mandos in any water 
containing dragonfly larvae. 

A certain artificial well which contained dragonfly larvae and 
was free from mosquito larvae, after being cleaned out was found to 
be breeding Culex fatigans and Stegomyia calopus , but no dragonfly 
larvae were discovered. Five weeks later Stegomyia larvae were 
absent and dragonfly larvae were again found. A few Culex 
fatigans larvae were also present. 


THE DRAGONFLY AS AN ENEMY OF THE ADULT 

MOSQUITO 

It was thought probable that the adult dragonfly would prey 
upon Stegomyia calopus if opportunity offered. In fine weather 
dragonflies are to be seen in the open places and larger streets of 
Mandos, and particularly around their breeding-places, as well as in 
the forest. During dull weather they are not so active, resting most 
of the time on the tops of shrubs and other objects, and rising only 
in pursuit of insects appearing close at hand. 

Both the dragonfly and Stegomyia calopus are, therefore, active 
in Mandos in bright warm weather, but the mosquito is also active at 
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night. Except for a few attracted into Houses by lights, dragonflies 
were not observed at night. 

An attempt was made to see if they pursued S. calofus when 
given the opportunity. It was found possible by moving slowly to 
approach closely to the resting dragonfly without disturbing it, and 
S. calofus adults were then released from a glass tube at a distance 
of about a metre from it. The dragonfly nearly always pursued and 
caught the mosquito, usually returning to its perch consuming it. 
It was not always possible, owing to the rapidity of its flight, to 
observe whether the dragonfly actually caught the mosquito, but in 
most cases it was seen to occur. Five 5 . calofus were released one 
at a time near a resting dragonfly; four at least were caught, 
and probably all five. The dragonfly was then caught, and 
the contents of the alimentary canal teased up in saline and examined 
microscopically. The mosquitoes were found to be broken up into 
such small particles as to be unrecognisable, the only indication of 
Stegon/yia being the large number of flat scales present. 

Five different species of dragonfly, varying in length from 3 cms. 
to 6 cms., were tried against S. calofus , and all pursued and caught 
the mosquito. The larger ones were also observed to prey upon 
bluebottles and houseflies. 


SUMMARY 

Dragonflies and their larvae have been found to be destructive 
to Stegomyia calofus and their larvae respectively. Several other 
aquatic insects, including water bugs, have also been found to be 
inimical to S. calofus larvae. 

My thanks are due to the Director of the Laboratory, 
Dr. Wolferstan Thomas, for assistance and advice, and to 
Miss A. M. Evans and Dr. G. A. K. Marshall, Director of the 
Imperial Bureau of Entomology, for identification of the insects 
mentioned. 
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EXPLANATION OF PLATE XIX 

Fig. i. Gardens in public square in Mangos. Habitat of larvae 
of Pantala flavescens, F., and other dragonflies and 
water bugs. 

Fig. 2. Habitat of larvae of Pantala flavescens , F. 
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EXPLANATION OF PLATE XX 


Fig. 3. Broken drain in street, Mandos. Habitat of larvae of 
Pant ala flavescens , F. 

Fig. 4. Larva of Pantala flavescens . Actual length i*8 cms. 

Fig. 5. Libellulid nymph. Actual length 1*8 cms. 

Fig. 6. Aeschnid larva. Actual length 2*1 cms. 

Fig. 7. Aeschnid nymph. Actual length 47 cms. 
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WEST AFRICAN CERATOPOGONINAE 

BT 

A. INGRAM 

AND 

J, W. S. MACFIE 
(Received tot publication 24 August, 1921) 

Plate XXI 

This paper is a continuation of the series of papers on the 
Ceratopogonine Midges of the Gold Coast already published in the 
Annals of Tropical Medicine and Parasitology, and contains 
descriptions of additional new species. To some extent it is also 
supplementary, since we are now able to fill in a number of gaps in 
previous descriptions ; for example, particulars are given of the early 
stages and of the natural habitat of several of the species of 
CuUcoides and Dasyhelea, facts which are of interest, because they 
point the way to means of control. It differs from the former 
papers, however, in that a few species are described which were 
collected, not in the Gold Coast, but in other parts of British 
West Africa. 

Many of the species belong to genera which were not considered 
in the previous series; but the number of species referable to each 
genus is small and insufficient to warrant the inclusion of detailed 
generic descriptions. For the same reason, keys to the species found 
in West Africa are not at present necessary. We have found-it 
difficult in some cases to appraise at their proper value the characters 
employed by Kieffer in separating his smaller genera, and, where we 
have found only slight divergencies to occur, we have been |n doubt 
whether it would be advisable, as would appear to be strictly 
necessary, to erect new genera. We regret that in dealing with 
these species we have not had the advantage of collaboration with 
Mr. Carter, whose recent appointment as Malariologist in Ceylon 
has unfortunately made it impossible for us to look to hun for the 
assistance he was ever so ready to give. 

Some apology must be made for the figures which compare so 
unfavourably with those in the previous papers. In the present 
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paper they are mere outlines traced with the aid of a camera lucida. 
In figuring the hypopygium of the male we have not often 
attempted to show it as a whole, but for the sake of clearness 
and in consideration of our technical shortcomings, have drawn 
the various organs more or less separated, showing them, unless 
otherwise indicated, as they appear when seen in a ventral view. 

Since our earlier notes on the bionomics of these insects were 
published (1920) we have located another abundant source of 
Ceratopogonine midges, namely, the water lettuce Pistia stratiotes . 
This weed, which is exceedingly abundant in rivers, swamps, pools 
and lagoons in West Africa, and frequently covers large expanses 
of water, has for many years been recognised as a troublesome 
mosquito nursery and one very difficult to deal with, not only on 
account of the association with it of Mansonioides africanus but also 
because it provides protection between its leaves to .the larvae of 
several species of Anopheles (e.g,, A. costalis , A. mauritianus, 
A . nili). The very small number of observations which we have 
made hitherto prove beyond doubt that it is also a fruitful source of 
midges, for we have reared from it Culicoides austeni , C. distincti- 
pennis, Dasyhelea inconspicuosciy Prionognathus pscudomaculipennisy 
and the species described in the following pages under the names 
Kempia ochrosoma t Eukraiohelea africana y E. versicolor , Probezzia 
pistiae and P. stephensi . Large numbers of Kempia ochrosoma , 
Eukraiohelea africana and Probezzia pistiae were procured from this 
source, so that it appears that these species, at any rate, are 
peculiarly associated with the plant. 

The types and co-types of the new species described have 
been deposited in the museum of the Liverpool School of Tropical 
Medicine. 


Genus CULICOIDES, Latr. 

Culicoides austeni , Carter, Ingram and Macfie. 

Five larvae of this species were found together with numerous 
larvae of Ochlerotatus irritans in a sample of water from a crab-hole. 
Three of the larvae were reared to the adult stage, the other two 
were killed and preserved. The larval and pupal pelts of the 



specimens reared through to the adult stage were recovered. The 
following descriptions of the pupa and larva are based on these 
materials. 

PUPA. Length about 27 mm. Respiratory trumpets short and 
straight, tapering slightly towards the apex, raised on long stalks; 
rather strongly chitinised, middle third covered with large squamose 
spines; length of the trumpet about 015 mm., length of the stalk 
about 0 05 mm. There are no knob-like processes, but the main 
tracheal trunk gives off in its distal third a continuous row of about 
nine short blunt processes. Cephalo-thorax : anterior marginal 
tubercle double, highly chitinised, the inner portion large, conical, 
and bearing a long strong bristle, the outer portion small, unarmed; 
anterior dorsal very large, highly chitinised, irregularly conical, 
bearing two stout bristles; dorso-lateral smaller, bearing a long and 
a short hair; ventro-lateral an irregularly shaped tubercle bearing a 
long and a short hair and an apparently unarmed socket; ventro- 
median represented by a moderately long and a very minute hair. 
External to the ventro-median tubercle and a little posterior to the 
ventro-lateral is a small, unarmed, nipple-like tubercle which projects 
prominently outwards. Dorsal tubercles small: anterior single, 
bearing a minute blunt spine; posterior and lateral each bearing 
a hair. Immediately in front of, and slightly external to, the 
the anterior tubercle is a small tubercle which is apparently unarmed; 
immediately behind, and slightly internal to the posterior, is a small 
tubercle bearing a very minute spine. Postero-dorsal tubercle small, 
bearing a hair, and behind it two unarmed sockets. Abdomen of 
the usual form. Anal segment terminating in two sharply pointed, 
divergent processes which arc very highly chitinised, especially at 
their tips. Tubercles on the abdominal segments small, strongly 
chitinised; arrangement and armature as in C. accraensis. 

LARVA. Length about 57 mm., greatest breadth about 0 3 mm. 
Head : length about 02 mm., greatest breadth about 014 mm. 
Eyes large, bilobed. Bristles small, apparently arranged as in 
C . accraensis. Mental plate with a large, pointed central tooth. 
Hypopharyngeal sclerite moderately chitinised, bearing on each side 
usually eleven pointed, finger-like processes which are nearly equal 
in size, excepting the fifth from the inner margin, which is slightly 
larger than the others. Mandibles well chitinised, pointed, with a 
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well-developed central tooth. Body : hairs minute, terminal hairs 
on the anal segment small; anal gills of the usual forim • 

Gold Coast: Accra, April, 1921, reared from mud from pools 
and puddles near the station for the Weshiang Line (PL XXI, 
fig- 2); June, 1921, larvae found in water from a crab-hole. 
Christiansborg, July, 1921, reared from plants of the water weed 
Pistia stratiotes . Oblogo, June, 1921, reared from banana fibre. 


Culicoides disfmctipennis y Aust. 

Although numerous specimens of this species have been collected 
at Accra, it is only recently that we have reared, it from the early 
stages. In the samples from which it was reared were also the 
early stages of several other species of Culicoides , and we were 
unable to identify with certainty the larvae. The pupa was, however, 
obtained, and is briefly described here. 

PUPA. Description based on a single pelt from which a male 
had emerged. Length 17 mm. Respiratory trumpets , raised on 
moderately long stalks; length of the trumpet about 0*2 mm., length 
of the stalk about 0 04 mm. Distal extremity somewhat darkened, 
middle portion covered with squamose spines, proximal two-thirds 
bearing three small knob-like processes. Main tracheal trunk 
terminating distally in a fan-like arrangement of seven short, blunt 
processes. Cephalo-thorax dark, operculum rather sparsely clothed 
with large, dark, squamose spines. Anterior marginal tubercle 
small, bearing a rather short, stout spine; anterior dorsal bearing a 
short, stout spine and a minute spine; dorso-lateral, small, bearing 
a hair and a short spine; ventro-lateral, small, bearing two hairs, 
one of which is quite short and spine-like; ventro-median represented 
by a moderately long and a very small hair. Dorsal tubercles: 
anterior double, the two halves separated, the one situated anterior 
and slightly external to the other, each bearing a short, stout, dark- 
coloured spine; posterior, small and flat, bearing a minute spine; 
lateral, small, bearing a hair. Posterior to the lateral of the dorsal 
tubercles is an unarmed socket, and on the dorsum are several 
ill-defined darkened patches resembling flat, unarmed tubercles. 
Postero-dorsal tubercle small, bearing a hair and an unarmed 
socket. Abdomen of the usual form. Anal segment terminating 
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in two sharply pointed, somewhat divergent, dark-tipped processes 
which are not closely covered by squamose spines. Dorsal, ventro¬ 
lateral, and ventral tubercles as in C. accraensis . 

GOLD COAST: Accra, February to April, 1921; numerous 
specimens reared from moist soil and mud taken from the margins 
of pools and puddles near to the railway station on the Weshiang 
Line (Plate XXI, fig. 2). Oblogo, March, 1921; reared from plants 
of Pistia stratiotes taken from the river Densu (Plate XXI, fig. 1). 


Culicoides eriodendroni t C. f I. and M. 

In a previous paper a description was given of the female of this 
species. We are now in a position to add certain points in regard 
to the male. 

Measurements (average of two). 

Length of body* .1*3 mm. 

Length of wing .ro mm. 

Greatest breadth of wing.0*3 mm. 

In general, the description of the female applies also to the 
male, but the following points may be especially mentioned. Eyes 
separated. Antenna: last three flagellum segments sub-equal, the 
fifteenth being, however, slightly the longest and the fourteenth 
slightly the shortest. Scutellum bearing two central and two lateral 
bristles, and a few (six) short hairs. Wing: pale spot covering the 
anterior cross-vein rather diffuse and spreading almost to the costa, 
pale spots at the apex of the wing and along its posterior border 
almost or entiiely absent; decumbent hairs scanty, but more than 
a single row in the basal portion of the wing between the fourth and 
fifth veins. 

Hypopygium (fig. 1). Ninth segment : tergite, posterior margin 
slightly notched in the middle and ending on each side in a well- 
developed conical process; sternite, deeply excavated. Forceps \ 
side-pieces rather long and narrow, covered with relatively short 
hairs; claspers with a broad, hairy, basal portion, constricting 
abruptly to meet the terminal portion, which is of the usual form. 
Harpes (fig. 1 a ); moderately chitinised, somewhat strap-like, 

• In all cases taken from the anterior margin of the thorax to the tip of the abdomen of 
specimens mounted in carbolic. 



tapering only slightly, with a short piece at the distal end bent 
ventrally or ventro-laterally like the end of a cleek. Aedoeagus 
(fig. i b ): form rather unusual; stem very short, highly chitinised, 
in ventral view shaped like the letter T; limbs long, moderately 
highly chitinised; ventral wall chitinised for only a short distance 
from the apex of the arch, membranous portion not spiculated. 



Fig. i. Cvltcoides eriodsndroni , C. I. & M., outlines of male hypopygium, ventral 
view, a—forceps and harpes; b— aedoeagus. 


GOLD Coast: Nsawam, August and October, 1920 ; reared from 
larvae obtained from rot-holes in the stump of a silk-cotton tree and 
of another tree. 


Culicoides grahami, Aust. 

Several specimens of this species were reared from material taken 
from the base of a banana stump. The pupal pelt of one'female 
was recovered, and as it was in some respects peculiar and showed 
several characteristic features, a brief description of it is given. 

PUPA. Length r6 mm., moderately well chitinised. Respira¬ 
tory trumpets long and curved; length about O' 17ram. Stalk or 
pedicle moderately long. The trumpets are of almost uniform 
width throughout their length, and are irregularly ringed. The 
main tracheal trunk gives off during its course through the trumpet 
a few short lateral branches which terminate in small tubercles 
scarcely projecting above the general surface level, and ends distally 
in a fan-like arrangement of the usual form. Cephalo-thorax : 
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anterior marginal tubercle large, covered with squamose spines, 
bflobed, and formed of an inner rounded portion and an outer 
conical portion, the latter bearing at its apex a long, strong bristle; 
anterior dorsal, double, each part bearing a long, stout bristle; 
anterior dorso-lateral, an irregular tubercle bearing two hairs; 
ventro-lateral, an irregular tubercle bearing two delicate hairs, 
ventro-median, apparently absent. The operculum is sparsely 
covered with squamose spines, most strongly developed along its 
periphery; near its posterior margin, in the middle line, is a small 
elevation or tubercle covered with rather coarse squamose spines, but 
otherwise unarmed. Dorsal tubercles small: anterior, double, 
bearing a delicate hair internally and a small spine externally; 
posterior, almost obsolete, bearing a small spine; lateral, bearing a 
hair. Postero-dorsal tubercle almost obsolete, bearing a delicate 
hair. A bdomett: anal segment bearing two transverse rows of 
relatively large spicules, the one near the anterior margin and the 
other about the middle of the segment; these spicules are developed 
most highly on the dorsal and lateral aspects. A group of similar 
spicules is present dorsally at the roots of the terminal processes. 
The terminal processes are short and pointed at their tips, they 
diverge almost at right angles, and their ends are turned dorsally. 
Tubercles on the abdominal segments poorly developed, and shaped 
like large spines. Dorsal tubercles: antero-submarginal, the inner 
bearing a short spine and the outer a longer hair; postero-marginal, 
only a single tubercle present, situated posterior to the outer 
antero-submarginal tubercle, bearing a short spine. Ventro-lateral 
tubercles small, but little larger than the dorsal and ventral: antero- 
submarginal bearing a short spine; postero-marginal, the middle 
one bearing a hair, the other two short spines. Ventral tubercles: 
the middle one bearing a hair, the outer and inner each a short 
spine. Each abdominal segment (excluding the last, which has 
been referred to already) bears a transverse row of relatively well- 
developed spicules near its anterior margin; these spicules are 
most highly developed and most numerous on the more posterior 
segments. 

Gold Coast: Nsawam, 24th July, 1920; reared from material 
taken from the base of a banana stump. 



Cultcoides neavei, Aust. 

Several specimens of this species were reared from soft mud 
taken from the edges of pools at Accra. The larvae, together with 
those of several other species of Cultcoides , frequented the mud 
which was very soft and almost semi-fluid. They were of the usual 
form, but we are unable to give details of their structure because, 
although we reared one adult from a larva isolated in a small tube, 
we did not succeed in recovering the larval pdt, and were, therefore, 
unable to distinguish amongst the numerous larvae in the 
sample those belonging to this particular species. The pupae also 
frequented the mud: the description which follows is based on an 
examination of the pelts of two pupae which had been isolated 
singly, and from which adult insects were procured. 

PUPA. Length about rg mm. Operculum densely covered with 
dark brown squamose spines. Respiratory trumpets similar to those 
of Culicoides inornatipennis , short and raised on relatively long 
stalks; length of the trumpet about 019 mm., length of the stalk 
about 0 05 mm. The trumpet is infuscated at its distal end, and 
also, slightly, at its base; it bears three or four quite small knob-like 
processes, the most distal of which is situated rather far anteriorly. 
The main tracheal trunk terminates distally in a hand-like group of 
about six short blunt processes. Cephalo-thorax: anterior marginal 
tubercle small, dark coloured, conical, bearing a relatively long 
stout spine which is directed ventrally, anterior dorsal well 
developed, conical, bearing a short stout spine and a minute spine; 
dorso-lateral prominent, bearing a hair and a short spine; ventro¬ 
lateral a rounded hump, bearing a short and a moderately long 
hair; ventro-median small, bearing a moderately long and a short 
hair. External to the ventro-median tubercle, and a little posterior 
to the ventro-lateral, is a small nipple-like tubercle, apparently 
unarmed. Just in front of and internal to the base of the stalk of 
the trumpet is a small hair. Dorsal tubercles: anterior double, the 
two parts being separate and well developed but not large knobs, 
the one situated anterior to the other, each bearing a short, stout, 
dark-coloured spine; posterior, poorly developed, bearing a minute 
spine; lateral, feebly developed, bearing a hair. In front of the 
anterior tubercle, and a little external to it, is an inconspicuous 
unarmed tubercle; posterior to the lateral tubercle is a socket-like 
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mark, apparently unarmed, and there is another similar mark 
situated more posteriorly. Postero-dorsal tubercle small, bearing a 
hair and two apparently unarmed, socket-like marks. Abdomen : 
anal segment with sharply-pointed terminal processes infuscated at 
their tips. Dorsal tubercles of the normal form : antero-submarginal, 
the inner bearing a short spine, and the outer a hair; postero- 
marginal, five in number, the outermost bearing a hair, the next a 
short spine, the innermost a minute spine, and the other two 
apparently unarmed. Lateral tubercles larger than the others and 
each with two sharp points, between which are the hairs or spines : 
antero-submarginal, bearing a spine; postero-marginal, the middle 
one bearing a hair, the other two, spines. Traces are visible of a 
second, rudimentary, antero-submarginal tubercle in a more dorso¬ 
lateral position. Ventral tubercles of normal form : the middle one 
bearing a hair, the other two, spines. 

GOLD COAST: Accra, February, 1921; reared from soft mud 
taken from the edges of pools and puddles near the station for 
the Weshiang railway (PI. XXI, fig. 2). From the same material 
were reared also Culicoidcs austeni , C. distinctipennis, C. similis , 
C. schultzei and Stilobezzia spirogyrae. 

Culicoides similis , C., I. and M. 

At the time when this species was described (1920), the early 
stages were not known. They have since been collected, and are 
here briefly described. 

PUPA. Length about 1*9 mm. Operculum densely covered with 
dark brown squamose spines. Respiratory trumpets short and 
raised on rather long stalks; length of the trumpet about 019 mm., 
length of the stalk about 0*03 mm. The trumpet bears on its 
proximal half three or four small knob-like processes which are 
-infuscated. The distal end of the trumpet is dark brown* in it the 
main tracheal trunk terminates in a fan-like group of short, blunt 
processes. Cephalo-thorax : anterior marginal tubercle dark brown, 
rather small, conical, bearing a relatively long, stout, dark-coloured 
spine; anterior dorsal prominent, irregularly conical, bearing a stout 
spine and a minute spine; dorso-lateral small, bearing a hair 
and a minute spine; ventro-lateral a rounded hump, bearing a 
small and a minute hair; ventro-median represented by two hairs, 



one minute. Dorsal tubercles: anterior usually double (in one 
specimen single on one side), the two parts contiguous or separated 
but almost side by side, well developed but not large knobs, each 
bearing a short, stout, dark-coloured spine; posterior, poorly 
developed, bearing a minute spine; lateral, poorly developed, 
bearing a hair. In front of the anterior tubercle, and a little external 
to it, is an unarmed tubercle; posterior to the lateral tubercle is a 
socket-like mark, apparently unarmed, and there are usually two 
similar marks situated more posteriorly. Postero-dorsal tubercle 
small, bearing a small hair and one or two apparently unarmed, 
socket-like marks. Abdomen : anal segment with sharply-pointed 
terminal processes infuscated at their tips; in the middle line, 
dorsally and posteriorly, is a small elevation covered with dark 
squamose spines. Dorsal tubercles of the normal form usually, but 
on some segments the outer two postero-marginal tubercles tend 
towards the form of the lateral tubercles: antero-submarginal, the 
inner bearing a short spine, and the outer a hair; postero-marginal, 
five in number, the outermost bearing a hair, the next a spine, the 
innermost a minute spine, and the other two apparently unarmed. 
Lateral tubercles larger than the others, and each with two sharp 
points between which arises the hair or spine: antero-submarginal, 
bearing a spine; postero-marginal, the middle one bearing a 
hair, the other two, spines. Traces are visible of a second, 
rudimentary, antero-submarginal tubercle in a more dorso-lateral 
position. Ventral tubercles of normal form: the middle one bearing 
a hair, the other two, spines. 

Larva. Although we did not succeed in recovering the larval 
pelt of any individual specimen isolated and reared through from 
the larval stage, we secured from the materials collected at Accra a 
number of larvae which we believe to be those of Culicoide r similis. 
The larvae were found, together with pupae of C. similis, in the soft, 
semi-fluid mud in fhe specimen jar at a time when this species was 
the only one emerging from the sample. Moreover, in three of the 
larvae, apparently almost ready to pupate, the pupal structures, 
including the respiratory trumpets and many of the cephalo-thoracic 
and abdominal tubercles, were clearly visible through the cuticle, 
and appeared to be identical with those of the pupa of C. similis. 
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It is of interest to note the situations in which certain of the 
pupal structures were seen in the larvae. The trumpets lay in the 
first body segment, their proximal ends situated dorsally and 
laterally at the posterior end of the segment, and their free ends 
situated ventrally on each side of the middle line a little posterior 
to the head. The dorsal tubercles of the cephalo-thorax were 
situated dorsally at the anterior end of the second body segment. 
The terminal processes of the anal segment were turned so that they 
projected anteriorly, one on each side, with their tips directed 
dorsally and situated at the anterior margin of the segment. 

The following description of the larva is based on the examina¬ 
tion of the three larvae alluded to as being apparently ready 
to pupate. 

Length about 3*5 mm. when fully grown, greatest breadth about 
002 mm. Head, length about O'13 mm., greatest breadth about 
0'o8 mm. Eyes small. Bristles mostly small; on the ventral surface 
one pair, admedian, a little posterior to the hypopharyngeal 
sclerite, two pairs, admedian, almost contiguous, anterior to the 
hypopharyngeal sclerite, and one pair ventro-lateral; on the lateral 
surface two pairs, the one anterior and the other central; on 
the dorsal surface one pair admedian, anterior, two pairs sub¬ 
central, slightly separated, dorso-sublateral, two pairs, almost 
contiguous, posterior, dorso-lateral. Palpi and antennae well 
developed. Labium broad, blunt, dark coloured, apparently without 
teeth. Posterior margin of hypopharyngeal sclerite bearing on each 
side seven or eight sharply pointed, graded, teeth, the middle 
ones being the longest; these teeth are not very highly chitinised. 
Mandibles simple, pointed, without teeth. Body : appearing almost 
hairless, but actually bearing a few very small hairs; terminal hairs 
on the anal segment very small; anal gills of the usual form, deeply 
cleft distally into two pointed processes. 

Gold Coast: Accra, February to April, 1921 ; numerous 
specimens of both sexes reared from soft mud taken from the edges 
of pools and puddles near the station for the Weshiang railway 
(PI. XXI, fig. 2). Oblogo, February, 1921 ; a few specimens reared 
from sandy mud taken from the washing-place in the river Densu. 
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Culicaides corsoni, sp.n. 

This insect, of which we possess at present only a single male, 
resembles in wing markings Culicoides similis and C. citroneus . 
From the former it differs in having no pale area covering the 
middle of the lower ramus of the fourth vein and in the whole of the 
cross-vein being enveloped in a pale area; from the latter in having 
only a single pale area between the branches of the fifth vein, the 
small pale spot in the angle being absent. 

Measurements. 

Length of body (one male) .ro mm. 

Length of wing .0’8 mm. 

Greatest breadth of wing.0*3 mm. 

Head : occiput dark brown. Eyes narrowly separated. Proboscis 
and palpi dark brown; the latter with the third segment somewhat 
inflated, especially in its basal two-thirds. Antennae : infuscated; 
the thirteenth segment slightly longer than the terminal segment; 
the plumes only moderately developed. Thorax dark brown, with 
paler brown markings. Owing to the fact that the species was not 
recognised until the hypopygium had been examined in carbolic, 
exact details of the thoracic adornment cannot be given, but there 
appeared to be three large paler areas on each side of the anterior 
two-thirds of the dorsum, one in front and two behind. Scutellum 
yellowish-brown, somewhat darker at the sides; bearing one central 
and two lateral bristles, and a few (three) short hairs. Post- 
scutellum dark brown. Pleurae dark brown. Wings with pale 
markings resembling those of Culicoides citroneus. The pale spot 
in the middle of the anterior border covers the tip of the distal cell; 
there is no pale spot covering the middle of the lower ramus of the 
fourth vein, and the pale spots in the neighbourhood of the 
bifurcation of the fifth vein are arranged as in C. similis. 
Decumbent hairs scanty, not extending beyond the middle of the 
wing, and none being present in the anal angle, between the rami 
of the fifth vein, or at the base between the fourth and fifth veins. 
Halteres with creamy-yellow knobs. Legs infuscated, knees scarcely 
darker, tibiae with narrow pale bands basally and less distinct pale 
bands on the femora apically. Abdomen dark brown. 

Hypopygium. Ninth segment: tergite broad, bearing only a few 
stout hairs, the most notable of which are four arranged in a 
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transverse row near the posterior margin; posterior margin notched 
in the middle, and bearing at each lateral angle a long, slender, 
finger-like process about five times as long as it is broad at its 
base; apical lobe-like processes well developed. Sternite deeply 
excavated centrally. Forceps of the normal form; claspers highly 
chitinised, with rather blunt ends. Harpes resembling those of 
C. grahatni, but with shorter distal portions. Aedoeagus Y-shaped, 
the limbs and the proximal end of the stem highly chitinised, the 
distal end of the stem more delicate and ending in a broad lip. 
The ventral wall of the aedoeagus is highly chitinised from the apex 
of the arch to about the middle of the limbs, but is not extended 
anteriorly and centrally as a spine; the membrane joining the 
aedoeagus to the ninth sternite is without spicules. The hypopygium 
resembles that of C. citroneus, but the following differences, amongst 
others, may be noted. The long hairs at the posterior end of the 
ninth tergite are less numerous than in C. citroneus, the lateral 
finger-like processes more slender, and more pointed; the claspers 
are more highly chitinised; the harpes resemble more closely those 
of C. grahatni than those of C. citroneus ; and the proximal ends of 
the limbs of the aedoeagus are inverted. 

Gold Coast: Koforidua, April, 1921 (Dr. J. F. Corson); one 
male taken in a bungalow, on the wall near a lamp. We have 
pleasure in dedicating this species to the collector, Dr. J. F. Corson. 

Culicoides nigeriae, sp. n. 

Measurements. 

Length of body (three females) .i‘2 mm. 

Length of wing .0’9 mm. 

Greatest breadth of wing.0'4 mm. 

Head dark brown. Eyes separated, internal chitinous thickening 
well developed; the eyes are more widely separated* than in 
C. inornatipennis , the length of the internal chitinous thickening 
being about 20 n instead of about 13/1. Proboscis dark brown. 
Palpi brown, third segment moderately inflated. Antenna dark 
brown; segments four to ten from once to once and a half as long as 
broad. Thorax uniformly dark brown, pollinose, sparsely clothed 
with dark brown hairs. Scutellum uniformly dark brown; bearing 
two admedian and two lateral bristles, and a few short hairs. Post- 
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scutellum dark brown. Pleurae dark brown. Wings unspotted; 
distribution of decumbent hairs similar to thafin C. inomatipennis, 
but wings rather less hairy. Halteres darkish brown. Legs 
rather dark brown, almost unicolourous. Abdomen dark brown. 
Spermathecae two, dark brown and very highly chitinised, sub- 
spherical to oval, measuring about 35/* by 30/* on an average; only 
the very commencement of the duct is chitinised. 

NIGERIA (Northern provinces): Gimi, Zaria Province, 27th 
October, 1920 (Dr. W. B. Johnson); ‘collected whilst biting.’ 
Duchi-n-wai, about forty miles from Zaria, at an elevation of 
2,000 ft. approx., 25th November, 1920 (Mr. L. E. B. Pearse), taken 
in the act of biting. Ilorin Province, Kaduna river, 2ist December, 
1920 and 23rd December, 1920; Pategi, 24th December, 1920 
(Dr. J. R. C. Stephens); some of the specimens taken on the arm, 
and undoubtedly biting. Several specimens obtained from each 
locality, all females. 

This species, besides being a much darker brown insect, may be 
distinguished from C. inomatipennis by the following points amongst 
others: the absence of the characteristic thoracic adornment, the 
colour of the scutellum and the colour of the halteres. 

Culicoides inomatipennis , C., I. and M., var. rutilus, var. nov. 

A small rufous variety of C. inomatipennis , C., I. and M. 
Length less than 1 mm., usually about O'8 mm.; length of wing 
about 07 mm., and greatest breadth about 0 3 mm. Hypopygium 
of the male and spermathecae of the female as in C. inomatipennis ; 
other morphological characters also similar. Fourth segment of the 
palp very small, about half the length of the fifth; scutellum bearing 
three or four stout bristles, one or two central or admedian and two 
lateral, and a variable number (about half a dozen usually) of smaller 
hairs. 

Colouration notably different from that of C. inomatipennis. 
Head dark brown. Proboscis and palpi pale brown. Antenna 
with a dark brown torus and lighter brown flagellum segments, 
bearing pale brown hairs. Thorax unicolorous, light brown or 
almost golden-brown. Scutellum light brown; post-scutellum darker 
but not very dark brown. Pleurae brownish-yellow. Halteres pale 
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yellowish-brown. Legs pale brown, almost unicolorous, but with 
knee spots a slightly deeper yellow-brown. Abdomen dark brown. 

PUPA. Two pupal pelts were examined, and were found to be 
indistinguishable from those of C . inornatipennis . They were very 
small, length about 13 mm. 

Gold Coast: Nsawam, May to August, 1920; numerous 
specimens reared from rotting fibrous material taken from the bases 
of banana stumps. October, 1920; one specimen reared from 
material taken from a rot-hole in a silk-cotton tree. 

Genus DASYHELEA , Kieff. 

Dasyhelea juscipleuris , C., I and M. 

In a previous paper, Part IV of this study (1921), this species was 
described. At that time we possessed only two females, taken in 
buildings, and had identified neither the early stages nor the 
habitat. Recently we have reared a large number of specimens, and 
are able to supplement our previous description by giving an account 
of the pupa. It is interesting to note that all the specimens reared 
were females and to compare this observation with those previously 
made on C. clarkei and C. enodendroni (1920). 

Pupa. Length about 2'i mm., delicately chitinised and rather 
slender. Respiratory trumpets very long and slender, length about 
0*6 mm., breadth about iQju, raised on small tubercles; the main 
tracheal trunk is narrow, gives off throughout its length, beginning 
at its very base, numerous (about fifteen) quite short lateral branches, 
and ends distally in a cluster of about six short processes. Cephalo - 
thorax not very strongly chitinised, operculum coarsely shagreened. 
Anterior marginal tubercle large, conical, bearing a small spine-likc 
hair; dorso-lateral irregularly shaped, bearing two delicate hairs; 
anterior dorso-mediamsmall, bearing two very short, straight hairs; 
ventro-lateral almost obsolete, bearing two minute hairs, ventro- 
median represented by a small hair. Dorsum of the thoracic region 
not infuscated, without tubercles, but with several brownish macules. 
Abdomen feebly chitinised, of the usual form; tubercles small and 
poorly chitinised, terminal processes widely divergent. 

LARVA. The larva is of the usual form. Only a single pelt 
actually correlated with an adult was obtained, and in it no 



characteristic points could be made out. Unfortunately! it was a 
practical impossiblity to isolate the larvae of this insect from the 
materials in which they were living, because the sample contained 
also numerous other species ( Culicoides schultzei, C. stmiliz, 
C, ausleni, C. dislinctipennis, Stilobezzia spirogyrae and Dasyhelea 
inconspicuosa). 

The single larva reared through to the adult stage was isolated 
in a small tube containing nothing but a little damp filter paper. 
The larva buried itself immediately but a day or two later the pupa 
was observed worming its way to the surface through the mass of 
filter-paper. The trumpets could not be distinguished with the aid 
of a hand lens. Two days later a female C. fuscipleuris emerged. 
The pupal pelt was found on the side of the tube half an inch above 
the filter-paper, a situation which the pupa must have reached by its 
own unaided efforts. The larval pelt was found embedded in the 
filter paper near the spot where the pupa was first observed. 

GOLD COAST: Accra, April, 1921; numerous specimens (all 
females) reared from mud taken from the edges of pools and puddles 
near the station for the Weshiang railway line (PI. XXI, fig. 2). 


Dasyhelea nigricans, C., I. and M. 

This species was originally described from two males taken in 
the laboratory at Accra. The halteres of these specimens had 
yellowish-brown knobs and dark brown stems. More recently we 
have received from Dr. W. B. Johnson a number of specimens of a 
species of Dasyhelea taken at Kaduna, Nigeria, in August, 1920, 
which resembles in every respect Dasyhelea nigricans, excepting 
that in some the halteres are white, and in others yellow. We 
conclude, therefore, that in this species the colour of the halteres 
must be variable. 

A few of the specimens collected by Dr. Johnson at Kaduna were 
females, and we are, therefore, able to supplement our previous 
account by describing the characters of this sex. 

Measurements. Female. 

Length of body .1*3 mm. 

Length of wing .romm. 

Greatest breadth of wing.0*35 mm. 
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The female resembles the male in most respects, but the following 
points, including the more important differences, may be mentioned. 
Head : eyes separated. Antennae : hairs dark brown, short and 
scanty; segments of the flagellum gradually elongating from base to 
apex in a continuous series, that is without an abrupt change 
of form between the tenth and eleventh segments; segments four to 
ten from once to nearly twice as long as broad, segments eleven to 
fifteen from twice to a little over three times as long as broad, the 
last segment ending in a stylet; long spines present on all the 
segments excepting the last five. Thorax : scutellum almost entirely 
yellowish-brown; armature of bristles and hairs as in the male. 
Wings rather densely hairy, the hairs extending basally beyond the 
cross-vein; bifurcation of the fifth vein at about the same level as 
the termination of the costa; cell formed by the first and third veins 
at their junction with the costa larger than in the male. Halteres 
yellow. Legs : claws small, simple, equal. Abdomen clothed with 
yellowish-brown hairs; spermatheca single, highly chitinised, sub- 
spherical (diameter about 42/»), the commencement of the duct 
chitinised for a considerable distance, about 15//, most strongly at 
its end of origin from the spermatheca. 

NIGERIA (Northern provinces): Kaduna, August, 1920 (Dr. W. B. 
Johnson). 

Dasyhelea nigeriae, sp. n. 

Measurements. Male. Female. 

Length of body .n mm. nm 

Length of wing .0'8 mm. o - 8 mm. 

Greatest breadth of wing.0'3 mm. o'3 mm. 

Head dark brown. Eyes separated in both sexes. Clypeus and 
proboscis dark brown. Palpi dark brown; third segment inflated, 
in the male.especially basally, about the same length as tfte second; 
fourth segment short, about half the length of the third. Antennae 
unusually short, dark brown, with dark brown hairs; in the female 
segments four to fourteen gradually lengthening towards the apex, 
the length varying from two-thirds to once the breadth, the last 
segment rather larger and longer and ending in a conical tip, but 
without a stylet, in the male segments four to eleven short, those at 
the base broader than long and those at the apex sub-spherical. 
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length varying from about two-thirds to once the breadth, last four 
segments sub-equal, about four times as long as broad, not binodose 
but exhibiting the usual sculpturing (compare D. fiava), the last 
segment longer and stouter but without a stylet. Thorax uniformly 
dark brown, with paler, somewhat yellowish, humeral patches. 
Scutellum dark brown, bearing in both sexes one dentral, two 
admedian, and two lateral bristles and no short hairs. Post- 
scutellum dark brown. Pleurae dark brown. Wings hyaline, 
without spots; clothed with decumbent hairs which do not extend 
basally beyond the cross-vein. Venation as in D. f.ava\ interspace 
very small in the male, more well developed in the female. 
Halteres with dusky orange-coloured knobs and infuscated stems. 
Legs brown, femora and tibiae dark brown, but lighter coloured in 
the male than in the female. Claws short, equal, simple; in the male 
bifid at the tips. Empodium rudimentary, but in comparison with 
the size of the claws appearing to be larger than usual. Abdomen 
dark brown, venter slightly paler than the dorsum. Spermatheca 
single, highly chitinised, pyriform (about 42/1 by 38/*); chitinised 
part at the commencement of the duct conical, about 11 long. 

Hypopygium (fig. 2). Ninth segment : tergite tapering slightly 
posteriorly, sparsely clothed with strong hairs, posterior margin not 


b 


Pig. 2. Dasyhdea ntgeriae , sp.n., outlines of male hypopygium, ventral view. 
4—ninth segment and forceps$ b —harpes 5 e—aedoeagus. (x 375 circa.) 
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notched, and without finger-like lateral processes; sternite prolonged 
posteriorly on each side of the middle line into a highly chitinised, 
pointed, finger-like process. Forceps : side-pieces short and 
stout, broader apically than basally, rather scantily clothed with 
moderately long hairs, and bearing on the inner aspect a highly 
chitinised conical projection; claspers bifid, both parts well 
developed, pubescent on their basal halves and bearing also a few 
longer hairs. Harpes ; basal portions unequal, highly chitinised; 
from the right basal portion, which is the broader, arises a rather 
lightly chitinised posterior extension (shaped as shown in the figure), 
the distal end of which is twisted and covered by minute hairs. 
Aedoeagus broadly-ending, the processes on each side of the 
horizontal band highly chitinised, finger-like, and curved ventrally 
at their tips. 

NIGERIA (Northern provinces): Kaduna, August, 1920 (Dr. W. B. 
Johnson). This insect resembles D . ~flava in some respects, but 
is of an entirely different colour; the hypopygium of the male is 
characteristic. 


Dasyhelea boothi , sp. n. 

Measurements. 

Length of body (one male) .1 *0 mm. 

Length of wing .0*8 mm. 

Greatest breadth of wing.0*25 mm. 

Head dark brown. Eyes narrowly separated. Clypeus, proboscis 
and palpi brown. Third palpal segment not inflated, about as long 
as the fourth and fifth together, fifth about as long as the fourth. 
Antennae : torus dark brown, flagellum brown; segments four to 
eleven sub-spherical to ovoid, length from about once to once and 
a third the greatest breadth; segments twelve to fifteen elongated, 
sub-equal, but the fourteenth slightly the shortest, the twelfth, 
thirteenth and fourteenth about three to four times as long as broad, 
binodose, the fifteenth broader, not ending in a stylet. Thorax 
dark brown. Scutellum pale brown, slightly darker at the sides; 
bearing two lateral and four centro-marginal bristles, and one small 
central, hair. Post-scutellum dark brown. Pleurae brown. Wings 
sparsely clothed with hairs which extend between the fourth and 
fifth veins to the level of the cross-vein; venation as usual. Halteres 
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with brown stems and yellow knobs. Legs uniformly brown; daws 
small, equal, simple, bifid at the tips. Abdomen dark brown. 

Hypoptgium (fig. 3, a to i). Ninth segment', tergite sparsely 
dothed with rdatively short hairs, tapering distally, posterior 
margin not notched and bearing double lateral processes; stemite 
bare, prolonged posteriorly ip the middle as a triangular process. 
Forceps not very highly chitinised or hairy: side-pieces rather short 



Fig. 3. a to d — DasybHea bootbi , ap.n., outlines of male hypopygium ; ventral view: 
a —ninth segment and forceps ; c —harpes ; d —aedoeagus ; ^-—lateral view. 
e—Dasybdect ntorta , ap.n., spermatheca. (x 300 circa.) 

and broad, with a hairy internal apical process; claspers moderatdy 
chitinised, with somewhat squared ends, the proximal two-thirds 
pubescent, bearing three short, stout, hairs about the middle of the 
inner border. Harpes (fig. 3, b and c) moderatdy well chitinised, 
almost symmetrical, composed of a large and irregularly shaped 
basal plate on each side, and a median common posterior extension 
which is complex, expanded distally, and with a terminal ventral 
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barb-like process* Aedocagus (fig. 3, b and d) very highly 
chitinised in parts, apparently composed of a pointed median 
process which is bent ventrally at its tip and in ventral view is 
pyriform, two short and broad limbs, and external to them somewhat 
T-shaped extensions. 

NIGERIA (Cameroons): Victoria, April, 1921 (Dr. L. H. Booth). 
We have pleasure in dedicating this species to the collector, 
Dr. L. H. Booth. 


Dasyhelea retorta , sp. n. 

Measurements. 

Length of body (one female) .1*35 mm. 

Length of wing .0*9 mm. 

Greatest breadth of wing.0*3 mm. 

Head dark brown. Eyes very narrowly separated dorsally. 
Clypeus, proboscis and palpi dark brown. The third segment of 
the palp cylindrical, not inflated, about as long as the fourth and 
fifth segments together; the fifth segment shorter than the fourth, 
widest at its distal end and rounded. Antennae dark brown, with 
dark brown hairs and long curved spines on all the segments of the 
flagellum; third segment slightly broader than the fourth; segments 
four to fourteen forming a continuous series, gradually elongating 
and becoming more flask-shaped, their length varying from about 
once to once and a half the greatest breadth; the last segment 
broader and longer, about three times as long as broad, ending in 
a stylet. Thorax dark brown with small yellowish humeral patches. 
Scutellum almost entirely yellow, sides only slightly infuscated; 
bearing two lateral and four centro-marginal bristles, and a single 
central hair. Post-scutellum dark brown. Pleurae brown, lighter 
than the dorsum. Wings with decumbent hairs extending to the 
base between the fourth and fifth veins. Costa reaching the middle 
of the anterior border, and terminating beyond the bifurcation of 
the fifth vein. First and third veins forming a small cell. Haltercs 
with yellow knobs with brown basal infuscation, and brown stems. 
Legs light brown, with dark knee spots and slight infuscation of 
the distal tarsal segments; hind femora slightly infuscated in the 
middle dorsally. Claws simple, equal. Abdomen dark brown, 
venter paler than the dorsum, yellowish pigmentation (which 



disappears in caustic potash) visible laterally and between the 4 
segments. Spermatheca single, highly chitinised, shaped something 
like a chemical retort (fig. 3 e) ; distal portion sub-spherical, 
length 44ju, greatest breadth 38/*; proximal portion, the chitinised 
commencement of the duct, curved, arising obliquely, length about 
30/*, width at its middle about lift. 

Sierra Leone*. Freetown, May, 1920; one female taken about 
noon upon a window in the Royal Hotel. 

Genus ATRICHOPOGON , Kieff. 

Atrickopogon africanum , sp. nov. 

Measurements. 

Length of body (one female) .1*4 mm. 

Length of wing .1*3 mm. 

Greatest breadth of wing.0*4 mm. * 

Head dark brown, with dark brown hairs. Eyes broadly 
contiguous above, bare. Clypeus, proboscis and palpi dark brown. 
First and fourth palpal segments short, second and third longer, 
fifth somewhat dilated at its distal end; third segment slightly 
inflated and furnished with a moderately large sensory pit in its 
distal third. Antennae dark brown : segments four to ten short and 
broad, the tenth sub-spherical; last five segments (eleven to fifteen) 
elongate, sub-equal, four or five times as long as broad, the fifteenth 
terminating in a relatively long stylet. Thorax uniformly dark 
brown; clothed with a few short, dark-brown hairs. Pleurae dark 
brown. Scutellum dark brown, but not so dark as the mesonotum, 
bearing two sub-median and two lateral bristles and a few (about 
half a dozen) short hail's. Post-scutellum dark brown.« Wings 
(fig. 4) generally similar to those of A . xanthoaspidium , unspotted 



Fig. 4. Atricbopogon africanum , tp.n., outline of wing of female, (x 90 circa.) 
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but slightly infuscated, anteriorly somewhat darker than posteriorly; 
anterior veins brownish. Surface uniformly covered with raicro- 
trichia, and bearing decumbent hairs, which, however, are more 
scanty than in A. xanthoaspidium , none being present between the 
branches of the fifth vein or in the anal fold, and only a very few 
between the lower ramus of the fourth vein and the upper ramus of 
the fifth. Petiolate portion of the fourth vein about the same length 
as in A . xanthoaspidium. Halteres with dark brown knobs. Legs 
almost uniformly brown, but distal segments slightly darker. First 
tarsal segment of hind legs rather over three times as long as second. 
Claws simple, equal, about half the length of the fifth tarsal segment. 
Empodium well developed, as long as the claws. Abdomen dark 
brown, ventral surface slightly paler. Spermatheca (fig. 5) single, 



Fig. 5. Atricbopogtn africanum , ip.ii., ipermatheca. ( x 375 circa.) 

large (length 107/4, greatest breadth 84/4), pear-shaped, heavily 
chitinised; a short portion (about 15/4) of the duct, which is narrow, 
is chitinised. 

Gold Coast: Accra, August, 1920, one female taken in the 
evening upon a window in the laboratory. 

Atrichofogon elektrophaeum , sp. n. 

Measurements. 

Length of body (one female) .1*4 mm. 

Length of wing .1*3 mm. 

Greatest breadth of wing.. . 0*5 mm. 

Head yellowish-brown. Eyes contiguous above. Clypeus, 
proboscis and palpi yellowish-brown. First segment of the palp 



short; second, fourth and fifth sub-equal, about twice the'length of 
the first; third rather shorter than the combined lengths of the fourth 
and fifth segments, slightly inflated in the middle, furnished with a 
sensory cup opening at the junction of the middle and distal thirds; 
fifth segment Somewhat infuscated and tapering distally. Antennae 
brown: first segment poorly chitinised, bearing several short hairs; 
torus father a light brown colour, sub-spherical, bearing a few short 
hairs, third Segment Wider than any of the. other basal segments; 
segments four to ten short and broad, th’eir lengths varying from 
about three-quarters to a little over once the breadth; segments 
eleven to fifteen elongate, cylindrical, sub-equal, four or five times 
as long as broad, the last the longest and ending in a nipple-like 
process. All the basal segments of the flagellum bear long, curved, 
pointed spines. The ratio of the combined lengths of segments 
three to ten to the combined lengths of segments eleven to fifteen as 
0 6 to i. Thorax yellowish-brown, unicolorous, clothed with small 
brown hairs and bearing larger and darker hairs above the wings. 
Scutellum pale yellow-brown, bearing two sub-median and two 
lateral bristles, and about half a dozen small hairs which are dark 
brown in colour. Post-scutellum yellowish-brown, darker than the 
scutellum. Pleurae yellowish-brown. Wings with a pale yellowish 
tint, similar to those of A. xanthoaspidium but with fewer hairs, 
none being present between the fourth and fifth veins nor between 
the rami of the fifth vein, and only a row of eight along the false 
vein in the anal angle. Halteres with pale yellow-brown knobs. 
Legs almost uniformly yellowish-brown, terminal segments of the 
tarsi, however, slightly darkened. First tarsal segment on all the 
legs about three times as long as the second. Claws simple, equal, 
about half the length of the fifth tarsal segment. Empodium well 
developed, as long as the claws. Abdomen yellowish-brown, rather 
darker than the thorax; venter paler than the dorsum. Spermatheca 
single, highly chitinised, oval, large, length io6/*, greatest breadth 
8 oai ; the duct not chitinised. 

Gold Coast : Accra, 1920; taken in the evening upon a window 
in the laboratory. 
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Atrichopogon perfuscum> sp. nov. 

Measurements. 

Length of body .i’j mm. 

Length of wing . i*i mm. 

Greatest breadth of wing.0*4 mm. 

Head dark brown, clothed with dark brown hairs. Eyes broadly 
contiguous above, smooth. Clypeus, proboscis and palpi dark 
brown. Antennae dark brown; segments four to ten short and 
broad, the tenth sub-spherical the others broader than long, the 
length varying from two-thirds to three-quarters the breadth; the 
last five segments (eleven to fifteen) elongate, about three times as 
long as broad. Thorax uniformly dark brown. Pleurae dark 
brown. Scutellum dark brown, but rather lighter coloured than the 
mesonotum, bearing two sub-median and two lateral bristles and 
several (six to eight) short hairs. Post-scutellum dark brown. 
Wings clear, unspotted; venation and decumbent hairs as in 
A . xanthoaspidium t butlewer hairs present between the rami of the 
fifth vein and in the anal angle (only two being present in the former 
situation and one or two in the latter in one of the specimens 
examined, rather more in the others). Halteres with buff-coloured 
knobs and dark brown stems. Legs almost uniformly yellowish- 
brown, but tarsal segments slightly infuscated. Claws equal, about 
half the length of the fifth tarsal segment, each with a very small 
sub-apical tooth. Empodium well developed, as long as the claws. 
Abdomen dark brown. Spermatheca single, highly chitinised, 
oval; length from 70/1 to 87/1, greatest breadth from about 57/1 
to 65 fi t the duct chitinised for only a short distance (about 5^) at 
its commencement. 

Gold COAST: Accra, October, 1920; three females collected in 
the evening upon the windows of the laboratory. 

Atrichopogon chrysosphaerotumy sp. nov. 

Measurements. 

Length of body (two females) . .•.1*15 mm. 

Length of wing .0*9 mm. 

Greatest breadth of wing.0*35 mm. 

Head dark brown, clothed with dark brown hairs. Eyes broadly 
contiguous above, bare. Clypeus, palpi and proboscis dark brown. 
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First palpal segment short; second, third and fourth longer, sub¬ 
equal; fifth rather shorter; third segment moderately" inflated 
and furnished with a well developed sensory pit. Antennae dark 
brown, segments four to ten short and broad, the tenth sub-spherical, 
the others broader than long, the length varying from half to about 
two-thirds the breadth; last five segments (eleven to fifteen) 
elongate, from two and a half to three times as long as broad, the 
fifteenth terminating in a relatively large stylet. Thorax uniformly 
dark brown, scantily clothed with brown hairs. Pleurae dark 
brown. Scutellum dark brown, bearing two sub-median and two 
lateral bristles and no short hairs. Post-scutellum dark brown. 
Wings clear, unspotted, the anterior veins brownish; venation as in 
A. xanthoaspidium, but first cell larger; decumbent hairs absent, 
wing surface covered by microtrichia. Halteres with yellow knobs 
and pale straw-coloured stems. Legs almost uniformly yellowish- 
brown, but tarsal segments slightly infuscated. Fourth tarsal 
segments not cordiform; first tarsal segment of hind legs nearly four 
times as long as second; dorsal hairs on the tarsal segments rather 
long. Claws equal, apparently simple or with a very minute sub- 
apical tooth, about half the length of the fifth tarsal segment. 
Empodium well developed, as long as the claws. Abdomen dark 
brown with a yellowish tint, pigmented with a substance which does 
not clear in carbolic acid but which is removed by caustic potash. 
Spermatheca single, highly chitinised, oval; length 5 yn, greatest 
breadth 46 ft, only the very commencement (about 4/*) of the duct is 
chitinised. 

GOLD Coast: Accra, November, 1920; a single female, collected 
in the evening upon a window in the laboratory. Oblogo* May, 
1920, reared from rotten wood from a canoe in the river Densu. 


Atrichopogon homoium, sp. nov. 

This species, of which we possess only a single female, agrees 
with the foregoing (A. chrysosphaerotum, sp. nov.) in size, coloura¬ 
tion, and apparently in every other particular excepting in the 
distribution of the hairs on the wings and the scutellum. On the 
scutellum are four short hairs, two on each side, in addition to the 
bristles. On the wings are a few decumbent hairs; seven to ten at 



the tip of the wing, one pear the periphery between the rami of the 
fourth vein, and a few along the distal portion of the anterior ramus 
of the fourth vein (fig. 6). 



Fig. 6 . Atricbopogon bomoium , sp.n., wing of female. (x 120 circa.) 


The distribution of the hairs on the wings and the scutellum 
appear to be important specific characters, and therefore, notwith¬ 
standing the similarity of this insect to A. chrysosphaerotum and 
the paucity of our material, we feel compelled to regard it as 
a separate species. 

Gold Coast: Oblogo, September, 1920; a single female reared 
from material taken from a canoe. 


Genus KEMP!A, Kieff. 

This genus, originally described by Kieffer (1913) as a sub-genus 
of Dasyhelea and subsequently raised to generic rank by its author 
and removed to the Atrickopogon group, appears to be characterised 
chiefly by the presence of a well developed empodium on the legs 
and of pubescence on the eyes, and the absence of the longer hairs 
from the wings. We have referred the insect described below to the 
genus Kempia, notwithstanding the fact that it bears on its wings 
a few decumbent hairs, because, as stated elsewhere, we are inclined 
to regard this character as of specific rather than generic value. 
It may be noted, however, that in the case of Proketnpia the absence 
of the longer wing hairs appears to have been considered by KiefFer 
sufficient justification for its separation from Dasyhelea. 
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The larvae and pupae resemble those of Forcipomyia. The 
larvae were found living upon the water lettuce Pistia stratiotes , 
but were normally seldom seen alive, probably because they were 
buried in the substance of the plant. The pupae, the posterior 
portions of which are enveloped by the larval pelts, were found 
partially embedded in the leaves and between the papillae which 
cover densely the surface of the leaves. They appeared to be 
sedentery. 

The genus, therefore, shows affinities to three different types 
of the Ceratopogoninae % the characters of the wing linking it to 
Atrichopogon > those of the eyes to Dasyhelea y and those of the early 
stages to Forcipomyia . 


Ketnpia ochrosoma , sp. nov. 

Measurements. 

Length of body .1*3 mm. 

Length of wing .. n mm. 

Greatest breadth of wing.0*35 mm. 

Head straw-yellow, clothed with yellow hairs. Eyes pubescent: 
in the female contiguous, but with the facets narrowly separated, 
in the male separated. Clypeus, palpi and proboscis pale straw- 
yellow, with similarly coloured hairs. First palpal segment small, 
second and fourth sub-equal, fifth short and somewhat expanded at 
its distal end, third longer than any of the others, slightly inflated 
in its middle third, and furnished with a deep sensory cup. 
Antennae \ first segment and torus straw-yellow; in the female, 
flagellum segments slightly infuscated, especially the more ^distal 
ones, segments eleven to fifteen dark brown; in the male, segments 
three to eleven pale yellow, segment twelve dark distally, and the 
last three segments dark brown; whorls of hairs pale straw-yellow. 
In the female, segments four to ten sub-spherical, the length varying 
from a little less than to about the same as the breadth, segments 
eleven to fifteen elongate, from twice to three times as long as broad, 
the last segment terminating in a stylet. In the male, the last three 
segments elongate, sub-equal, the thirteenth slightly the longest and 
the fifteenth terminating in a stylet. Thorax uniformly coloured, 
ochraceous, almost the same hue as the head; clothed with short, 
curved, yellow hairs dorsally, and with a few longer, spine-like. 
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yellow hairs posteriorly. Pleurae ochraceous. Scutellum slightly 
paler yellow than the mesonotum, bearing two admedian and two 
lateral bristles and a few (ten in the female, eight in the male) short 
hairs. Post-scutellum ochraceous. Wings unspotted, the anterior 
veins yellowish; venation as shown in the figure (fig. 7). Decumbent 



hairs scanty: in the female, limited to the distal third of the wing 
and a few near the posterior margin; in the male, almost entirely 
wanting. Surface of the wing closely covered with microtrichia. 
Halteres with pale straw-yellow stems and white knobs. Legs 
almost uniformly pale straw-yellow; unarmed. Claws in both sexes 
equal, about half the length of the fifth tarsal segment; in the female, 
each with a very small, sub-apical tooth, in the male, deeply 
bifurcated at the tips. Empodium well developed, hairy; at least 
as long as the claws. Abdomen ochraceous, rather paler yellow than 
the thorax. Hypopygium of the male of a similar colour and feebly 
chitinised. Spermatheca single, rather feebly chitinised, obovate 
and very large; length about 230/1, greatest breadth about 150/1, 
the duct chitinised at its commencement for a short distance 
(about 10/1). The abdomen, and also the thorax and the knobs of 
the halteres, containing a yellowish pigment which is not cleared by 
carbolic acid but which dissolves in caustic potash. 

Hypopygium (fig. 8 a and b). Ninth segment feebly chitinised; 
tergite rather short and hairy, posterior margin rounded, without 
lateral, finger-like processes. Forceps : side-pieces normal, feebly 
chitinised; claspers also feebly chitinised, about as long as the 


side-pieces, tapering distally, hairy almost to their tips. Harfes 
apparently absent. Aedoeagus feebly chitinised, a large ventral 
median structure with a central and two lateral processes; when fully 



expanded as shown in fig 8 a, but perhaps more frequently appearing 
as in fig. 8 b. We are not able at present to suggest what are the 
homologies of the median structures. 

Pupa. Length about 21 mm., feebly chitinised; the posterior 
half of the abdomen (from the fifth segment) enclosed within the 
larval pelt, which is much shrivelled and discoloured. Integument 
irregularly covered with rather sparsely scattered spicules. Cephalo- 
thorax relatively large and broad, somewhat of the Forcipomyia 
type but with no dorsal extension over the middle of the first 
abdominal segment. Respiratory trumpets almost smooth, _ short 
and nearly straight, length a little less than 0'2 mm.; they arise from 
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small tubercles and are without stalks. Main tracheal trunk does 
not give off any lateral branches, and ends distally in a double row 
of rather long, blunt processes. Operculum feebly chitinised, 
sparsely spiculated; at its posterior angle is a small tubercle covered 
with long spicules. Anterior marginal tubercle an irregularly 
conical elevation covered by long spicules, and bearing a long 
bristle; anterior dorsal situated posterior and external to the anterior 
marginal and anterior to the base of the trumpet, a small tubercle 
bearing a rather long hair; dorso-lateral apparently unarmed, 
except by spicules, ventro-lateral apparently absent or obsolete; 
ventro-median very small, bearing a short hair. Dorsal tubercles 
remarkable, six on each side, each giving rise to a delicate, 
branching, dendritic process resembling a sort of gill (fig. 8 d ); 
these processes are well developed on all the tubercles excepting the 
small admedian pair situated a little anterior to the most posterior 
pair; two of these tubercles are armed, the two situated most 
anteriorly and internally, and bear long spines. Abdomen directed 
straight backwards, tapering rather rapidly, the last segment 
terminating on each side in an almost straight process which is 
slightly dilated at its distal end, and is covered with long spicules 
directed anteriorly, which no doubt function as hold-fasts (fig. 8 c). 
The segments, which are enclosed within the larval pelt, bear only 
rudimentary tubercles; on the other segments (one to four) are a pair 
of dorsal admedian, and a pair of lateral tubercles similar to those 
on the dorsum of the cephalo-thorax—that is, dendritic processes 
resembling gills—the dorsal ones bear large spines. 

LARVA. Length about 3 mm. when fully grown, brownish in 
colour. Head moderately chitinised, more or less conical, bearing a 
few relatively large hairs or bristles. Horn-like appendages on the 
dorsum (which are connected with the distal ends of the 
antennae of the adult) small, narrow, about 0*06 mm. long, straight, 
arising from quite small tubercles. Eyes large, bilobed. Mandibles 
densely chitinised, black, terminating in three or four teeth. 
Hypopharyngeal sclerite very highly chitinised, the posterior part 
armed on each side with a comb-like row of about ten short, pointed 
teeth. Body composed of twelve visible segments; cuticle covered 
with coarse spicules. Armature of bristles, spines, etc., modified at 
the anterior and posterior ends, but general arrangement as follows. 



A pair of finger-like, admedian dorsal tubercles, bearing long spines, 
which are more or less barbed at their bases; three pairs of very long 
(about o‘8 mm.) and delicate dorso-lateral processes; four pairs of 
ventral spines, two central, the one admedian and the other ventro¬ 
lateral, and two postero-marginal, both ventro-lateral, these spines 
are relatively short and are freely barbed. The long dorso-lateral 
processes are the most conspicuous features of the larva, they bear 
lateral spines or bristles, are directed backwards, and trail behind 
the larva. The pro-thoracic pseudopods are partially fused, highly 
spiculated, each armed with a group of about ten large, well 
developed hooks, and anteriorly with numerous small hooks. The 
anal pseudopods are armed with similar large hooks arranged in two 
transverse rows. 

Gold COAST: Oblogo, February to March, 1921; reared from 
plants of the water lettuce (Pistia stratiotes) taken from a swampy 
pool, and from backwaters of the river Densu (PI. XXI, fig. 1). 

Genus MONOHELEA, Kieffer. 

This genus is stated by its author to possess the characters of 
Stilobezzia, Kieff., but the petiole of the fourth longitudinal vein is 
very short, the fourth tarsal segment is long and cylindrical, the 
claws of the fore and middle legs of the female are simple, equal, 
two-thirds the length of the last tarsal segment, and the claws of the 
hind legs single, longer than the last tarsal segment. The species 
described below, of which at present we possess only a single 
female, appears to belong to this genus, although not conforming 
exactly to the generic description given above (for example, the 
claws of the fore and middle legs are not simple). The insect 
superficially resembles Stilobezzia, and when at rest holds its wings 
in a manner similar to S. sptrogyrae, that is, diverging slightly, and 
not folded one on top of the other on the dorsum of the abdomen. 

Monohelea litoraurea, sp. n. 

Measurements. 

Length of body (one female) .1*3 mm. 

Length of wing .ro mm. 

Greatest breadth of wing.0*4 mm. 

Head: occiput dark grey to brown, clothed with dark brown 
hairs. Eyes smooth, contiguous dorfeally. Clypeus and proboscis 
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dark brown. Palpi dark brown . third segment slightly inflated and 
famished with a sensory cup; fifth segment rather long and narrow, 
with a terminal group of four hairs. Antennae darkish brown: first 
segment rather large, dark brown, bearing a few dark hairs; torus 
dark brown, bearing a few dark hairs; flagellum segments paler, 
gradually elongating and deepening in colour towards the distal end 
of the antenna; fourth'to tenth segments sub-cylindrical, from about 
jone and a third times to twice as long as broad; segments eleven to 
fifteen elongate, from about three to a little over four times as long 
as broad, the last segment being the largest and the longest and 
tapering at its extremity, but not terminating in a definite stylet. 
Whorls of hairs small and the constituent hairs short; there is a hair 
just before the tip of the last segment. Thorax : dorsum dark grey 
with many dark brown spots and patches, and with the antero- 



Fig. 9. Monobelea litoraurta , »p.n., wing of female. ( x 105 circa.) 


lateral angles brownish-yellow. The arrangement of the spots and 
patches is somewhat like that on the thorax of Culicoides schultzei. 
The mesenotum is clothed with rather short, dark hairs. Pleurae 
dark brown. Scutellum darkish brown, but not so dark as the 
mesonotum, paler in the middle than at the sides, bearing two 
admedian and two lateral bristles and a few (six) short hairs. Post- 
scutellum dark brown. Wings grey, with large white patches; the 
arrangement of the patches and the venation as shown in fig. 9. 
Lower ramus of fourth vein obsolete at the proximal end. The 
surface of the wing is covered by microtrichia, but without 
larger decumbent hairs. Halteres pale, with white knobs. Legs 
brown* femora and tibiae more or less infuscated. Fore and middle 
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temoifc. brown, somewhat infuscated, especially at their apices, not 
swollen and without strong spines; hind femora uniformly very dark 
browij, slightly swollen, without strong spines. Fore and middle 
tibiae brown, infuscated; hind tibiae uniformly very dark brown, 
somewhat swollen. Tarsal segments brown, paler than the proximal 
segments: fore and middle tarsi without regularly arranged rows of 
Spines, fore tarsi with a well developed black''spine at the apex, the 
base, and sometimes the middle of the first segment and somewhat 
smaller but similar spines at the apex of the second and third 
segments, middle tarsi with several similar but less well defined 
spines, on the first segment and at the apex of the second and third 
segments, hind tarsi (fig. io a) with a regularly arranged ventral 



row of small spines on the first segment, and with large black spines, 
one at the apex and one at the base of the first segment, two at the 
apex of the second segment, one at the apex of the third segment, 
and two at the apex of the fourth segment. Fourth tarsal segment 
on all the legs cylindrical. Claws on the fore and middle legs small, 
about half the length of the fifth tarsal segment, equal, each with a 
small basal tooth and a bifid extremity; claws on the hind .legs 
single, with a very long tooth (as long as the fourth and fifth tarsal 
segments together), and a short tooth apparently fused with the 
large tooth at the base. Empodium rudimentary. Abdomen very 
dark brown, excepting at its extreme proximal end, where it is 
yellowish-brown; distal end almost black. Dorsal surface very 
sparsely clothed with short, dark hairs, which are almost entirely 
restricted to the sides. Spermathecae (fig. \ob) two, unequal, 
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highly chitinised, pyriform (measurements about 8 o/» by 55 a*, and 
65 M by 55/*).; the commencement of the duct, which is narrow 
* (about 4 p), is chitinised for some distance (about 20/a). 

Gold COAST: Accra, 27th March, 1921; collected on a window 
in the laboratory at 6 p.m. 


Genus EVKRAIOHELEA , nov. 

The two following species show kinship to the genus Stilobezzia^ 
Kieff., the chief generic characters of which are, according to 
Kieffer (1919)—wings glabrous, the first and third veins forming two 
radial cells of which the second is the longer, the fourth vein 
petiolate, the fourth tarsal segment cordiform in both sexes, and the 
claws long, simple, and very unequal in the female, short and equal 
m the male. Thy possess the above characters excepting that the 
first radial cell of the wing is obsolete, the first and third veins 
forming only a single large cell, but they show certain other 
divergencies from earlier descriptions given by Kieffer (1917), for 
example, the fore femora are armed but not swollen, and the hind 
tibiae, beai spines. Moreover, the hypopygium of the males, whilst 
closely resembling one another, diverge from the type found in 
Stilobezzia sfirogyrae. These morphological differences are, in our 
opinion, of such a nature as to necessitate the separation of these two 
species from the genus Stilobezzia , and, therefore, notwithstanding 
their close similarity in other respects to species of that genus, we 
propose to regard them as belonging to a new genus, for which 
we suggest the name Eukraiohelea . 


Eukraiohelea africana , sp. n. 

Measurements. Male. Female. 

Length of body .i‘3 mm. 1*4 mm. 

Length of wing . vz mm. 1*3 mm. 

Greatest breadth of wing.0*4 mm. 0*5 mm. 

The ground colour of this insect is olive green, on which are 
superimposed the brown markings. Head brown. Eyes smooth; 
narrowly separated in the female, more widely in the male. Clypeus 
and proboscis dark brown. Palpi dark brown, moderately long, 
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the third segment slightly inflated distally and furnished With a 
shallow sensory cup near its apex. Mouth-parts well developed in 
the female. Antennae : first segment small; torus yellowish-brown/ 
sub-globular, very large in the male, bearing' a few short hairs; 
flagellum pale brown proximally, the last three segments in the male 
and five in the female dark brown. Plume of the male moderately 
well developed, pale brown; hairs of the flagellum of the female very 
short, brown. In the male, the last three segments of the flagellum 
elongated, the thirteenth and fourteenth about five and twelve times 
as long as broad respectively, the fifteenth much longer, about 
thirty times as long as broad, and ending in a short, stout process. 
In the female, segments four to ten pale brown proximally, dark 
brown distally, and segments eleven to fifteen all dark brown; 
segments four to ten sub-cylindrical, rather wider in the middle 
than at either end, sub-equal, about three times as long as broad; 



Fig. ii. Eukraiohelea africatta , sp.n., venation of wing of male, (x 90 circa.) 


segments eleven to fourteen elongated, about ten times as Jong as 
broad; the last segment much longer, about twenty times as long 
as broad, ending in a short, stout process. Thorax blue-green, with - 
brown infuscation on the dorsum; hairs large, scanty, dark brown. 
Pleurae blue-green; a dark brown spot on the coxae of the fore and 
middle legs. Thoracic pits absent. Scutellum blue-green in the 
middle, and brown, with a blue-green tint, at the sides; bearing two 
admedian and two lateral bristles and a few (two to four, but often 
absent in the male) short hairs. Post-scutellum dark brown with a 
greenish-blue tint. Wings unspotted, without decumbent hairs. 
Wing surface covered by microtrichia. Venation as shown in the 
figure (fig. 1 1 ); first radial .cell obsolete; in the female, the fourth 
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Wfcin forks distally to the fifth, in the male, they both fork at about 
tfoe same level. Fringe very short on the distal part of the wing. 
"Halteres with greenish-blue knobs; stalks almost white, bases of the 
knobs mfuscated. Legs pale brown, almost colourless, with dark 
knee spots; the infuscation on the hind legs extending beyond the 
knee nearly half way down the tibia. Fore femora armed with two 
short, stout, ventral spines, middle and hind femora unarmed; hind 
femora slightly swollen, fore and middle normal. Fore tibiae with 
the usual long apical spine; hind tibiae with a ventral row of spines, 
three long ones on the middle third and four short ones more 
distally. On all the legs the first tarsal segment at least twice as 
long as the second, third small and almost cordiform, fourth very 
small and strongly cordiform, fifth slightly infuscated, about as long 
as the second and longer than the third and fourth together. Rows 
of bulbous spines present on the first and second tarsal segments of 
all the legs; a stout basal spine on the first tarsal segment of the 
middle and hind legs; on the proximal half of the fifth tarsal 
segment of the fore and middle legs arc two pairs of stout spines, 
on the hind legs a single pair. Claws alike on all the legs: in the 
female, single, with a long tooth (as long as the fifth tarsal segment), 
and a tooth about half this length apparently fused with it at the 
base, which is, moreover, somewhat extended as a process; in the 
male, shorter (about two-thirds the length of the fifth tarsal 
segment), bifid at the tips, composed of two equal parts fused 
at their bases. Empodium absent. Abdomen green, with brown 
infuscation (which is most marked in the female) at the sides 
and posterior dorsal margins of the segments. First segment 
with conspicuous lateral tufts of hairs. Spermathecae two, highly 
chitinised, pyriform (about 46 fi by 35aO; the commencement of the 
duct chitinised for a short distance (about 7/1) only. 

Hypopygium (fig. 12). Ninth segment : tergite rather feebly 
chitinised, moderately hairy; posterior margin broad, not cleft, 
without finger-like lateral processes; apical lobe-like processes 
moderately well developed, hairy; sternite apparently not excavated 
in the middle posteriorly. Forceps : side-pieces moderately long 
and hairy, distal ends infuscated; claspers rather broad, not strongly 
chitinised, tips infuscated, clothed with very delicate minute hairs 
and bearing a few longer hairs. Harpes in form somewhat 
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resembling those of species of Dasyhelea, but with the distal 
extensions bilateral and separate. Basal portions irregularly 
shaped, broad laterally; posterior extensions long, lath-like 
processes directed almost straight backwards, with bluntly pointed 
tips, reaching posteriorly as far as, or a little further than the margin 



Fig. 12. EnkraiobeUa africana , sp.n., outline of male hypopygium, ventral view. 

(x 375 circa.) 

of the ninth tergite. Aedoeagus apparently composed of two 
separate chitinised lateral rods corresponding to the limbs of the 
arch in other genera, and a delicate membranous portion enclosing 
them and prolonged posteriorly in the middle line as a conical 
process. Ventral wall not spiculated. 

GOLD Coast : Swamp between Koforidua and Tafo, a little north 
of Accra, April, 1921; Weshiang, June, 1921; reared from plants of 
the water-weed Pistia stratiotes. 
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Eukraiohelea versicolor , sp. n. 


Measurements. 


Male. 


Length of body 
Length of wing 
Greatest breadth of wing 


i'3 mm. 
vo mm. 
o*3 mm. 


Female. 

i ’3 mm. 
n mm. 
0*4 mm. 


This insect resembles the last species, but the ground colour is 
white instead of blue-green. In the following account, only the more 
important points of difference between it and Eukraiohelea africana 
will be given. 

Head darlc brown; occiput dark brown in the middle, 
paler at the periphery; median occipital hairs long, dark brown. 
Eyes during life metallic green; smooth, separated in both sexes. 
Proboscis dark brown, well developed in the female. Palpi dark 
brown, as in E. africana . Antennae : torus yellowish-brown; 
flagellum very pale brown at the base, last five segments in the 
female and three in the male completely dark brown, apical portions 
of the fourth to the tenth segments in the female infuscated. Plume 
in the male moderately well developed, pale brown, hairs in the 
female short, pale brown. In the male, the last three segments 
elongated, about five, twelve, and twenty-two times as long as 
broad respectively, the last segment tapering to a conical tip. In 
the female, segments four to ten as in E. africana; segments eleven 
to fourteen elongate, sub-equal, about eight or nine times as long as 
broad; segment fifteen longer, about twelve times as long as broad, 
ending in a conical tip. Thorax : ground colour white; anterior 
half of the dorsum almost entirely dark brown in the male, 
in the female more or less infuscated and dark brown, but 
with median pale areas on each side of the middle line; in 
front of the scutellum is a triangular dark brown mark with its base 
directed posteriorly. Pleurae white. Over the bases of the coxae is 
a small, oval, dark brown patch. Scutellum dark brown, armature 
of bristles and hairs as in E. africana Post-scutellum dark brown. 
Wings as in E . africana . Halteres white. Legs : ground colour 
white; distal half of the hind femora and apical sixth of the 
hind tibiae dark brown; fifth tarsal segments hardly infuscated. 
Coxae infuscated. Femora shaped and armed as in E . africana . 
Tibiae shaped and armed as in E. africana , but hind tibiae bearing 
pnly three long spines. Tarsal segments as in £. africana ; spines 
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on the fifth segments, however, less Well developed, arrangement In 
the female as in E, ajricana, in the male only one pair present on 
all the legs. Claws as in E. africana. Abdomen white, with dark 
brown markings arranged as follows: small lateral patches on the 
first, fourth, and seventh segments, large dorso-lateral patches, 
reaching almost to the middle line dorsally, on the second, third, 
fifth and sixth segments. Lateral hair tufts on the first segment 
not so prominent as in E. africana. Spermathecae similar to those 
of E. africana-, two, highly chitinised, pyriform (about 35/1 by 30/1), 
the commencement of the duct chitinised for a short distance 
(about 4/u) only. 

Hypopygium (fig. 13). Hypopygium darkish brown, rather 
small. Ninth segment : tergite moderately hairy, tapering slightly 
distally, posterior margin nearly straight, with a trace of a median 



Fio. 13. EukraiobeUa versicolor, ip.n.,-outline of male hypopygium, ventral view, 

(x 375 circa.) 

cleft, but without lateral finger-like processes; apical lobe-like 
processes well developed, hairy; sternite apparently prolonged 
posteriorly as a delicate, median, cone-shaped process. Forceps < 
side-pieces rather short and stout, moderately hairy; claspers long, 
stotit, feebly chitinised, especially at their distal ends, entirely 
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covered by very delicate minute hairs and bearing at the posterior 
extremity a few rather larger hairs. Harpes similar to those of 
E. africana> but basal portions more expanded laterally, and 
posterior extensions longer and bent sharply in an anterior direction 
at about their middles. Aedoeagus somewhat similar to that of 
, E. africana , delicate membranous part apparently with large lateral 
folds; ventral wall not spiculated, 

GOLD Coast: Swamp between Koforidua and Tafo, a little 
north of Accra, April, 1921; reared from plants of the water-weed 
Pistia stratiotes . 

Genus SCH 1 ZODACTYLUS , nov. 

This genus is allied to Xylocryfta , Kieff., and Xenohelea , Kieff., 
genera which have been separated by Kjeffer (1917) from 
Sphaeromias (Stephens), Curtis, and Palpomyia , Mergele, by the 
characters of the fourth tarsal segments, which are cylindrical in 
both sexes, and the antennae of the males, only the last three 
segments of which are elongated. From the former it may be 
distinguished by the facts that the eyes in the male are separated 
and the body is not squat; from the latter by the fact that the claws 
of the female are equal. The chief generic characters are as 
follows:—Eyes smooth, separated in both sexes; widely in the male, 
narrowly in the female; last three segments of the antenna of the 
male elongate; wings covered by microtrichia but without longer 
decumbent hairs, costa reaching beyond the middle of the wing, 
first and third veins forming two radial cells, the distal of which is 
the longer, cross-vein not very oblique and not twice as long as the 
base of the cubitus, fourth vein sessile; femora armed, fourth tarsal 
segments cylindrical, claws in the female long and equal, those on 
the fore legs with long basal barbs, empodium rudimentary. 

Schizodactylus telmato$copus> sp. n. 

Measurements. 

Length of body (two males) .mm. 

Length of wing .1*5 mifc. 

Greatest breadth of wing ... ... ... .0*5 mm. 

Head dark brown, large, wider than the thorax. Eyes glabrous, 
widely separated. Proboscis dark brown, very short. Palpi 



brown, very small; third segment not inflated, sensory pit small or 
rudimentary. Antennae rather dark brown, especially the torus and 
the three terminal segments. First segment without hairs; torus 
sub-spherical, very dark; third segment rather larger than the 
following segments; fourth to twelfth segments almost cylindrical, 
from one and a third to two and a half times as long as broad, sharply, 
separated from one another; last three segments elongated, the 
fifteenth being the longest and not ending in a stylet. Hairs not 
very long, pale coloured, arranged somewhat irregularly and not 
forming a single whorl. Thorax uniformly dark brown; small 
pro-thoracic lobes present; no tubercle on the front margin of the 
thorax in the middle; dorsum almost devoid of bristles, and without 
either anterior or posterior pit-like depressions. Scutellum dark 
brown, bearing a few (twelve to fourteen) hairs, but no large 
bristles. Post-scutellum dark brown. Pleurae dark brown. Wings 
unspotted and without long decumbent hairs; surface closely 
covered with minute upright spicules; fringe short; stronger hairs 
on costa scanty. Venation as shown in the figure (fig. 14); first cell 



Fio. 14. Scbizodactylus tclmatoscopus, sp.n., venation of wing of male. (x 70 circa.) 


rather large and long. Halteres with pale brown knobs. Legs: 
femora and tibiae dark brown; first four tarsal segments pale 
coloured with slightly infuscated apices, last segment entirely dark. 
Trochanters with small, paired, curved spines. Femora not 
unusually broad, bearing on all the legs two or three stout, short, 
dark spines on the under surface near the apex. First tarsal 
segment about twice the length of the second on all the legs; last 
segment rather elongated, fourth not cordiform. Regular rows of 
small spines are situated ventrally on the first tarsal segments of 
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the middle legs and on the first and second tarsal segments of the 
hind legs; those on the first tarsal segments of the hind legs arranged 
•in a double row. Apically the fore’tibiae bear a long, pale-coloured, 
ventral spine, the middle tibiae a strong, dark-coloured spine, and 
the hind tibiae the usual double row of bristles. First four tarsal 
segments of the middle and hind legs with a pair of strong, dark 
spines apically, those on the fourth segments being more slender. 
Claws about half the length of the fifth tarsal segment, equal, 
simple, but with bifid ends; empodium rudimentary. Abdomen 
dark.brown; venter slightly paler than the dorsum. 

Hypopycium (fig. 15). Dark brown, well chitinised, relatively 
rather small. Ninth segment : tergite bearing few bristles, 
terminating distally on each side in a large hairy process bearing 
two relatively long bristles; sternite deeply excavated in the middle, 



Fig. 15. Scbizodactylus tclmatoscopus, sp.n., male hypopygium. a —dorsal view; 
ft, c and d y ventral views, a —ninth tergite (small hairs not shown); f*r-harpei; 
c —aedoeagus; d —forceps (hair on side piece not shown), (x 150 circa.) 


reduced to a narrow band of chitin. Forceps : side-pieces rather 
narrow, hairs not very long; claspers short, bearing at the distal end 
a small claw. Harpes fused into a median, strongly chitinised rod; 
proximal extremity bifurcated, each hilt with two processes; distal 
end expanded, rounded in ventral view but slightly spoon-shaped in 
lateral view, not highly chitinised, closely covered with minute hairs. 
Aedoeagus : Y-shaped, chitinised portion with lateral flaps of 
Spiculated membrane on each side; distal end broad, with a small 
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spine at each side, and an irregularly chitinised fringe extending 
anteriorly; ventral wall between the limbs of the Y well chitinised, 
speculated; membrane connecting the aedoeagus with the ninth 
stemite with a very few spicules at its distal border only. 

Female. The following morphological details of the female 
were made out in a specimen extracted from a pupa of the same 
sample, and which was apparently identical with those of the males. 
Head : eyes narrowly separated. Palpi longer than in the male, 
and segments relatively more slender; first segment small, second, 
third, and fifth longer and sub-equal, fourth somewhat shorter. 
Third palpal segment not inflated, without a definite sensory; cup 
but with a slight anterior depression from which arise a pumber of 
sensory hairs, the extremities of which are only slightly dilated. 
Antennae : first segment bearing four hairs; torus somewhat pyriform 
and bearing a considerable number of short hairs; segments four to 
ten cylindrical, from about twice to three times as long as broad; 
segments eleven to fifteen elongate, sub-equal, about six times as long 
as broad; last segment not terminating in a stylet. Thorax : scqtellum 
bearing numerous (about thirty-three) long bristles of somewhat 
unequal sizes and arranged more or less in three rows in the middle 
and in two rows laterally. Legs-, fore femora with ventral row of 
twelve to fourteen short, stout, dark spines on its apical half; middle 
and hind femora with about a dozen similar spines, some of those 
situated nearest the apex being paired. Fore tibiae with a long, 
feebly chitinised, ventral spine apically; middle tibiae with short, 
dark, strongly chitinised spipe in a similar position. Fifth tarsal 
segment of all legs with two pairs of stout, dark spines at t the base; 
middle legs, and hind legs less distinctly, with a pair of somewhat 
similar spines at the apex of the first, second, and third tarsal 
segments. Double row of small spines on the first tarsal segment of 
the hind legs complete. Claws long, equal, almost as long as the 
fifth tarsal segment; those of the fore legs (fig. 16) with a rather 
large basal barb, which is not present on the other legs. Empodium 
rudimentary. Abdomen : «permathecae two, highly chitinised, 
oval; length 123/u to 133a, greatest breadth 106/n to 121 n ; only the 
very commencement (about 4a) of the duct chitinised. 

PUPA. Length about 4 mm. to 5 mm. Form similar to that of 
Culicoides, and, therefore, the description will be given on the same 
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lines as was done in the case of that Genus. The pupa is very dark 
coloured and highly chitimsed, especially at the anterior part of the 
cephalo-thorax. Respiratory trumpets short, broad, and straight, 
arising from rather depressed tubercles and without definite stalk; 
length about 260 /i, breadth in the middle about 65 a*- The main 
tracheal trunk is very broad, straight, without lateral branches, at 
its distal end terminating in a semi-circular, fan-like arrangement of 
about fifteen short processes. Cephalo-thorax . Anterior marginal 
tubercle small, bearing a small bristle; anterior dorsal small, 
bearing a small bristle; dorso-lateral small, bearing two bristles; 
ventro-lateral small, bearing two or three short bristles; ventro- 
median obsolete, represented by two small hairs. Dorsal tubercles 



practically obsolete: anterior represented by two bristles slightly 
separated from cne another; posterior by a single bristle; and lateral 
by a bristle and a socket-like mark, apparently unarmed, a little 
external to it. The dorsum is highly chitinised and very dark, the 
integument closely covered by small dark granulations; there is a 
transverse band of dark patches on the anterior third similar to that 
seen on many species of the Genus Dasyhelea. The postero-dorsal 
tubercle apparently obsolete. The posterior margin of the dorsum 
is rounded, not prolonged backwards as a median process. 
Abdomen : first segment, very short, second, long and broad; third 
to eighth, sub-equal but tapering towards the posterior extremity, 
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almost square; ninth, short and small, with two short, sharply* 
pointed, divergent terminal processes. There are a few dark spots 
on the integument of most of the segments: dorsally, two sub-lateral 
anterior, two admedian central, and a central a little farther back; 
ventrally, two sub-lateral anterior, and a central somewhat heart- 
shaped spot between and behind them. The tubercles are all small, 
and bear only small spines or hairs. The following may be 
distinguished on each side of a typical segment. Dorsal tubercles: 
antero-submarginal, two, very small, the outer being situated almost 
laterally; postero-marginal, three, small, the inner one situated 
posterior to the inner antero-submarginal tubercle, the outer two 
contiguous, situated almost laterally. Lateral tubercles: antero- 
submarginal, single, very small; postero-marginal, two, rather larger 
than the other tubercles, situated close together and rather more 
anteriorly than the corresponding dorsal and ventral tubercles, the 
dorsal one appears to be composed of two fused tubercles and bears 
a small spine and a short hair. Ventral tubercles: three, small, 
postero-marginal in position and situated almost laterally; the inner 
two are the larger and are contiguous, the outer one is very small 
and is situated slightly more anteriorly than the others. 

Gold Coast: Accra, December, 1920; numerous pupae (of 
which only two, males, hatched), found in puddles of dirty water 
near a stand-pipe beside the Weshiang railway line, about two and 
a half miles from Accra. 

Genus SPHAEROMIAS (Stephens), Curtis. 

This genus includes those midges in which the eyes are 
bare, the wings bare except for minute, point-like hairs visible 
only with a microscope, third vein extending beyond the middle 
of the wing, second radial cell longer than the first, fourth vein 
forking almost under the cross-vein, femora unarmed and not 
swollen, fourth tarsal segments cordiform, fifth not swollen, 
empodium absent or rudimentary. It is apparently the same as the 
Genus /ohannsenomyia erected by Malloch to include those species, 
which he had previously included in f ohannseniella, ‘ which have the 
media furcate proximad to the cross-vein.’ One male, of a single 
species of this genus was obtained near Accra. 
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Sphaeromias litoraured , sp.< nov. 

Measurements. 

Length of body (one male) . v 6 mm. 

Length of wing .1*2 mm. 

Greatest breadth of wing.0*4 mm. 

Head dark brown. Eyes widely separated, smooth. Clypeus 
and proboscis dark brown. Palpi dark brown: all five palpal 
segments short, but the third and the fifth rather longer than the 
fourth; third palpal segment slightly longer than broad, not inflated, 
with a few long, knob-ended sensory hairs on its inner side anteriorly 
which arise from a very shallow depression. Antennae dark brown: 
plume poorly developed, composed of relatively few and short hairs 
which are not arranged in distinct whorls; segments four to eleven 
progressively longer, from once and a half to a little over twice as 
long as broad; segment twelve about three times as long as broad; 
segments thirteen to fifteen longer, sub-equal, bearing only short 
hairs, the terminal segment tapering distally but not ending in a 
stylet. Thorax uniformly dark brown. Pleurae dark brown. 
Scutellum dark brown, bearing two admedian, two sub-median, and 
two lateral bristles. Post-scutellum dark brown. Wings clear, 
unspotted, the anterior veins brownish. Third vein extending some 
distance beyond the middle of the wing; two radial cells, both well 
formed, the first rather large, rectangular, the second longer than the 
first; fourth vein bifurcated, sessile, the bifurcation taking place a 
little proximal to the cross-vein. Wing surface covered by micro- 
trichia but otherwise bare, without decumbent hairs. HaJteres 
with dark brown knobs. Legs almost uniformly brown, but with 
indications of darker knee-spots and with the tarsal segments slightly 
infuscated. Trochanters with usual pair of stout, curved spines. 
Femora unarmed, not swollen. First tarsal segments much longer 
than second, fourth cordiform. First and second tarsal segments of 
hind legs with conspicuous ventro-lateral row of small spines. 
Tibiae of fore legs with a long ventral spine at the apex. Tibiae 
and fir$t two'tarsal segments of middle legs with small, paired, 
apical spines; first tarsal segment bears also several similar spines 
on its ventral border. Claws equal, about half the length of the fifth 
tarsal segment, bifid. Empodium absent. Abdomen dark brown. 



Hypopvgium (fig. 17), Ninth segment : sternite reduced to a 
narrow strip of chitin; tergite not highly chitinised, bearing 
apparently only two long bristles dorsally near its middle, the 
chitinisation of the tergite interrupted a little posterior to them, the 
posterior margin with a short hairy process on each side, the ventral 
surface thickly covered by short hairs, the lobe-like processes well 
developed, covered by short hairs, and bearing one or two longer 
bristles. Forceps', side-pieces rather long and narrow; claspers 
short, terminating in strong, pointed hooks, basal two-thirds hairy. 





Fig. 17. Spbaeromias litoraurea, sp.n., outlines of male hypopygium. a, and c — 
ventral views \ d —-dorsal view, a —forceps (bristles and hairs of side-piece not shown); 
aedoeagus 5 c —harpes; d —ninth tergite (small surface hairs not shown). 


Harpes, dark brown, highly chitinised, with a double dorso-ventral 
curve; distal extremities fused to form a blunt, rather broad, process. 
Aedoeagus conical, proximal portions of the limbs narrow and 
highly chitinised, distal portions less highly chitinised; distal 
extremity broad, with a slight ventral lip; ventral wall slightly 
chitinised to about the level of the middles of the highly chitinised 
portions of the limbs ;.membrane joining the aedoeagus to the ninth 
sternite not spiculated. 

Gold Coast : Odorkor, a small village near Accra, November, 
1920; one male, obtained from a drain situated near a stand-pipe. 
Weshiang, near Accra, June, 1921; one male, reared from plants 
of the water-weed Pistia stratiotes, taken from the river Densu. 
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Genus BEZZIA , Kieff. 

The chief characters of this genus, according to Kieffer (1919), 
are—eyes glabrous, the last three or four antennal segments in the 
male elongated, the wings bare or covered by microscopic setae, the 
first and third veins not united by a cross-vein and forming a single 
cell, the bifurcation of the fourth vein scarcely proximal to or under 
the cross-vein, the femora on the fore legs at least armed with one 
or more ventral spines in both sexes, the fourth tarsal segment 
cordiform, the fifth unarmed in both sexes, and the claws small, 
not half the length of the fifth tarsal segment, simple in both sexes, 
or sometimes with a small median tooth in the female. Up to the 
present we have not collected at Accra any specimens referable to 
this genus, but we have received from Lagos a single female of one 
species, and of this a description is given here. 

Bezzia foyi , sp. n. 

Measurements. 

Length of body (one female) .2*1 mm. 

Length of wing .1*4 mm. 

Greatest breadth of wing.0*5 mm. 

Head dark brown, clothed with rather short dark brown hairs. 
Eyes smooth, narrowly separated. Clypeus, proboscis and palpi 
dark brown. Mouth-parts well developed, mandibles particularly 
highly chitinised, and bearing strong teeth on their inner edges. 
First palpal segment small, second short and broad, third, fourth, 
and fifth sub-equal, about twice as long as broad; the third segment 
scarcely at all inflated and without a sensory cup, but bearing 
a patch of sensory hairs on its inner aspect; the fifth segment 
pyriform, its distal end broad and rounded, bearing a few rather 
long hairs. Antennae dark brown, the terminal segments rather 
paler at their bases; hairs short, dark brown. First segment small: 
torus sub-spherical, bearing numerous short hairs; third rather 
longer than the fourth, with a short stem; segments four to ten oval, 
slightly constricted at their bases, their lengths varying from once 
and a half to twice the greatest breadth; segments eleven to fifteen 
elongate, about three or four times as long as broad, the last segment 
the longest and ending in a conical tip without a stylet. Thorax 



uniformly very dark brown, clothed with short, dark brown hairs, 
and bearing above the wing bases a few longer, strong hairs. 
Pleurae dark brown. Scutellum dark brown, not so dark as the 
dorsum; bearing two lateral and two centro-marginal bristles and 
very numerous short hairs. Post-scutellum dark brown. Wings 
clear, slightly infuscated near the anterior borders, the stronger veins 
brownish. Venation as shown in the figure (fig. 18 a). The costa 
does not extend as far towards the tip of the wing as in the female 
of Probeztia pistiae (p. 365); the fork of the fourth vein under 
the cross-vein. The surface of the wing covered by microtrichia 
and devoid of longer decumbent hairs; fringe very short on the 
apical third of the wing. Halteres with pale brown stems and dark 
brown knobs; knobs bearing a few short hairs. Legs dark brown, 
conspicuously banded. Femora dark brown, especially those of the 
a 



Fig. 18. Bezzia foyi , sp.n. a —venation of wing of female (x 50 circa.)} 
h —ipermatheca (x 210 circa.) 

hind legs, slightly paler basally, and in the case of the fore and 
middle legs with a narrow pale band near the apex; knees dark 
brown; tibiae dark brown, with a narrow pale band near thg base, 
and a less distinct, pale, sub-apical band; tarsi paler, last two 
segments infuscated. Femora not swollen; fore femora armed with 
two short, dark, ventral spines on its apical third, middle and 
hind femora unarmed. Tibiae unarmed, not swollen. First tarsal 
segment about twice as long as the second on the fore legs, relatively 
longer on the middle and hind legs; bulbous hairs conspicuous on 
the hind tarsus, forming two rows on, the first and second segments, 
and one on the third, on the middle legs are single rows of 
similar hairs on the first and second segments. Fourth tarsal 
segment cordiform; fifth unarmed. Claws simple, equal, short, 
less than one-half the length of the fifth tarsal segment. Empodium 
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rudimentary. Abdomen dark brown, venter paler than the dorsum, 
scantily clothed with short dark brown hairs. Spermathecae two, 
highly chitinised, unequal, oval or egg-shaped and slightly 
constricted sub-apically (fig. 18 b ); lengths about 1030 and 84/1 in 
the single female examined, and greatest breadths 53/* and 49M 
respectively; the duct narrow (about 4 ft), and chitinised for some 
distance (about 25/u). 

NIGERIA (Southern provinces): Lagos, July, 1921 (Dr. H. Andrew 
Foy); a single female taken in the evening upon the white lining of a 
lamp-shade. We have pleasure in dedicating this Species to the 
collector, Dr. H. Andrew Foy, to whom we are also indebted for 
numerous other specimens of Ceratopogoninae from Lagos. 


Genus PROBEZZIA, Kieff. 

The chief generic characters of Probezzia , according to Kieffer 
(1919), are—eyes glabrous, last four antennal segments in the male 
elongated, wings bare or covered with microscopic setae, first and 
third veins separated for their entire length, bifurcation of the fourth 
vein scarcely proximal to or under the cross-vein, femora unarmed, 
fourth tarsal segment cordiform, fifth unarmed in both sexes, and 
claws small, about one-third the length of the fifth tarsal segment, 
equal and simple in both sexes, or with a small median tooth in the' 
female. The two species which we have assigned to this genus 
differ slightly in two respects from the above description, namely, in 
having only the last three antennal segments definitely elongated, 
the twelfth segment being but slightly longer than the eleventh, and 
the fourth tarsal segment short and broad but not definitely 
cordiform. These differences are very slight, or may even 
depend on the manner of interpretation of the terms elongated and 
cordiform. - 

Both the species described here were reared from plants of the 
water lettuce Pisiia strattotes, but we were successful in procuring 
for examination the early stages of the first species only. The larvae 
are slender, almost white, eel-like organisms similar to those of 
Culicoides, but larger and with relatively longer and narrower heads. 
They resemble the figure of the larva of Palpomyia longipennis 
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given by Malloch (1915). They appear normally to inhabit the 
basal portions of the roots of the Pistia plants, and were reared to 
the adult stage from plants taken from the water and brought, or 
sent through the post, to the laboratory, and subsequently kept* 
merely moist. They are, however, capable of leading an aquatic 
existence, and move very rapidly in water, swimming about in a 
manner similar to the larvae of Culicoides. At the posterior end of 
the body are long, stout hairs, which are an aid to progression. The 
pupae are similar in form to those of Culicoides. They are able to 
survive in water, but when placed in it quickly make for the side 
and wriggle themselves above the surface. In the latter situation 
they remain practically sedentary if undisturbed. The duration of 
the larval stage was not' determined, that of the pupal stage was 
two to four days. 

Probezzia pistiae, sp. n. 

Measurements. Male. Female. 

Length of body .i‘6mm. 2‘J mm. , 

Length of wing .ri mm. 1*9 mm. 

Greatest breadth of wing.o - 4 mm. o’6 mm. 

The male is a much smaller, and much darker brown insect, than 
the female. Head : occiput dark brown, with brown hairs. Eyes 
glabrous, separated in both sexes. Clypeus and proboscis brown, 
with brown hairs. Palpi dark brown, rather slender; the first 
segment short, segments two, three and five sub-equal, about twice 
as long as broad, the fourth segment rather shorter; third segment 
not inflated, without a sensory cup but with a few sensory hairs 
situated distally on its inner side. Mouth-parts somewhat similar 
to those of midges of the Genus Prionognathust Labium soft and 
hairy. Labrum rather strongly chitinised, the proximal two-thirds 
broad, the distal third tapering, fringed with delicate hair-like 
processes. Hypo-pharynx broad, tapering disfally to a rounded 
apex, and fringed. Mandibles (fig. 21 d), in the female, similar to 
those of P. marmoratus, and similarly situated, but without teeth 
and with only a few delicate hair-like processes on the outer edge; 
the teeth on the inner edge are seven, large and sfrong, and proximal 
to them is a row of delicate hair-like processes; in the male, 
mandibles smaller, less highly chitinised and without strong teeth, 
but with about five delicate hair-like processes on the inner side. 



Maxillae rudimentary. Antennae : dark brown, the last five 
segments in the female, and the last three in the male, darker than 
the rest. First segment small, bearing a few short hairs in the 
female. Torus yellowish-brown in the female, dark brown in 
the male; bearing a few short hairs. Flagellum segments sub- 
cylindrical : in the female, segments four to ten from twice to nearly 
two and a half times as long as broad, segments eleven to fifteen 
elongate, from nearly five to seven times as long as broad, the 
fifteenth segment being the longest and ending bluntly; in the male, 
the twelfth segment about two and a half times as long as broad, 
the last three segments elongate, from three to five times as long as 




broad, the fifteenth segment being the longest and ending bluntly. 
Hairs short and scanty in the female; plume of the male poorly 
developed. Thorax r: dorsum uniformly dark or darkish brown, 
clothed with short dark brown hairs and bearing laterally and 
posteriorly a few dark brown bristles. Pleurae darkish brown. 
Scutellum darkish brown, bearing a transverse row of six to eight 
bristles, and in the female numerous scattered short hairs; in the 
male are usually only six bristles, and the hairs are more scanty. 
Post-scutellum dark brown, without a pit. Wings unspotted. 
Venation as shown in the figures (figs. 19 and 20 a); costa in the 
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female extending further towards the tip of the wing than in the 
male. Surface of the wing closely covered with microtrichia; no 
macrotrichia present. Halteres pale brown, with dark brown knobs. 
Legs almost uniformly infuscated in the male; in the female, more 
or less banded, femora with a dark band before the apex, tibiae 
with a dark apical band and a dark band a little beyond the base, 
distal ends of first four tarsal segments and whole of fifth infuscated. 
Femora not inflated and without strong spines. Tibiae moderately 
hairy; fore and middle legs with a dark apical spine. Tarsus with 
first segment more than twice as long as the second, fourth short 
and broad, almost (especially in the male) but not definitely 
cordiform, fifth unarmed. In the female, the first two tarsal 
segments of the hind legs with a double row of "bulbous* hairs, 
third segment and first, second, and third segments of the middle 
legs with only a single row. Claws equal, short, not more than half 
the length of the fifth tarsal segment; in the female, each with a 
small but well developed basal tooth, in the male, smaller, bifid at 
the tip. Empodium small, hair-like. Abdomen brown, clothed with 
short dark brown hairs, which are most numerous on the posterior 
segments; in the female, eighth stemite bearing two highly chitinised 
plates, one on each side of the vulva, clothed distafiy with numerous 
short hairs. Spermathecae two, moderately chitinised, sub-spherical, 
unequal, in one instance measuring 57/* by 50 p and 46/1 by 40/1, 
respectively; commencement of duct chitinised for only a short 
distance (about 4? to 7/1). 


Hypopygium (fig. 21 a-c). Hypopygium highly chitinised and 






dark brown, rotated so that the forceps lie dor sally.* Ninth segment : 
tergite short, bearing at its posterior end two large, hairy, lateral 
lobes, between which the spiculated lining membrane of the tergite 
projects as a blunt process; sternite deep, slightly excavated in the 
middle. Forceps : side-pieces short and broad, about as broad as 
long, tapering slightly distally; claspers reduced to a small knob 
bearing a few long hairs. Harpes highly chitinised, fused in the 
middle line to form a stout chitinised rod, with a rounded, somewhat 
expanded distal extremity. Aedoeagus highly chitinised, tapering 
gradually to a narrow distal extremity; membrane joining the 
ventral wall of the aedoeagus to the ninth sternite studded with 
spicules. 

PUPA. Length, female, about 3 mm., male, considerably smaller, 
about 27mm. Well chitinised; male very much darker than 
female. Respiratory trumpets usually bent posteriorly, rather short 
and broad, length about 0 2 mm., ratio of length to breadth about 
7 to 1, smooth and without knob-like processes, the distal end 
infuscated. The main tracheal trunk is broad, devoid of lateral 
branches, and terminates in a number (about eighteen) of short, 
blunt processes which lead to the surface and are arranged in the 
form of an inverted U. Cephalo-thorax of the usual form, but the 
separation of cephalic and thoracic portions is ill-defined. Anterior 
marginal tubercle very small, bearing a long bristle; above the 
highest part of the antennal case (the beginning of the flagellum 
part) are two socket-like marks, apparently unarmed; a little further 
back, and in front of the base of the trumpet, is a small tubercle 
bearing a minute spine; anterior dorso-median tubercle very small, 
bearing two small sockets, the inner unarmed, the outer bearing a 
short, spine-like hair, dorso-lateral situated very close to the Base 
of the trumpet, rounded and irregular in form, bearing a long and 
a shorter hair and an apparently unarmed socket; ventro-lateral 
ill-defined, bearing a short hair and an unarmed socket; ventro- 
median represented by two moderately long hairs. Dorsal tubercles 
much reduced: anterior double, each half bearing a moderately long 
hair, hiteral bearing a similar hair, posterior bearing a rather 
smaller one. Anterior to the dorsal tubercles is a transverse row of 

• It wiU be convenient, However, for descriptive purposes to continue to refer to the surface 
on which ice the tergite at the dorsal, and to that on which lie the sternite and the aedoeagus as 
the ventral. 
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highly chitinised rugae, and posterior and external to the lateral 
tubercle is an unarmed socket. Postero-dorsal tubercle obsolete. 
Posterior margin of dorsum rounded, not extended backwards as a 
median process. Abdomen : first segment small and narrow, second 
large and Broad, the others decreasing progressively in breadth 
towards the apex. Integument spiculated, especially in the male, 
and with pigmented areas similar to those of Stilobezzia spirogyrae. 
Anal segment with acutely pointed, slightly divergent, dark-tipped 
processes. Dorsal tubercles: antero-submarginal, small, situated 
close together and almost contiguous, each bearing a hair, the 
outermost the larger; postero-marginal, four, the inner small, bearing 
a minute hair, the next merely an apparently unarmed socket, the 
outer two larger, contiguous, each bearing a hair. Ventro-lateral 
tubercles: all arising from a central projection of the segment; 
antero-submarginal, small, bearing a hair, and a little dorsal and 
slightly posterior to this tubercle "an apparently unarmed socket; 
postero-marginal, two, well developed, the ventral bearing a hair, 
the dorsal double and bearing two hairs. Ventral tubercles: 
postero-marginal, three, almost contiguous, the inner bearing a short 
hair, the other two longer hairs. 

Larva. The larva is eel-like and slender, pale coloured or 
nearly white; length 7 mm. to 9 mm., greatest breadth about o - 2 mm. 
to 0 3 mm. Head yellowish-brown, long and narrow, length about 
0 4 mm., greatest breadth about 01 mm. Eyes black, bilobed or 
reniform, situated laterally a little anterior to the middle of the 
head. Antennae and palpi small. Hairs quite small, and some 
apparently unarmed tubercles also present: on the dorsal jurface, 
one pair anterior admedian situated about the level of the 
mandibles, two pairs (the more anterior with a divided hair) 
and a pair of small, apparently unarmed, tubercles anterior dorso¬ 
lateral situated at about the level of the comb-like part of the 
hypopharyngeal sclerite, one pair of apparently unarmed tubercles 
central dorso-lateral, two pairs posterior dorso-lateral, and two pairs 
bearing small spines posterior admedian at the extreme posterior end 
of the head; on each lateral surface, one anterior, two about the level 
of the eye, and a small tubercle, apparently unarmed, a little more 
posteriorly; cm the ventral surface, two pairs anterior admedian, and 
one pair central ventro-lateral. Mental plate with a strong, pointed, 
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central tooth, and two more delicate teeth on each side. Hypo- 
pharynx not very strongly chitinised, the posterior sclerite comb-like, 
bearing about a dozen pointed teeth. Mandibles large and highly 
chitinised, base expanded, distal portion a powerful hook. Body 
cylindrical, composed of twelve elongated segments each bearing a 
few minute hairs. On the distal end of the anal segment are fourteen 
stronger hairs arranged as follows: dorsally and ventrally two pairs 
of long, stout, dark hairs about half the length of the anal segment, 
and two shorter hairs; laterally, on each side a single short hair; 
these hairs are usually turned anteriorly, and in life appear to Be of 
assistance in progression. Anal gills of the usual form, rather short, 
being about one quarter the length of the anal segment, deeply cleft 
into two pointed processes. 

GOLD COAST: Oblogo, near Accra, December, 1920, to June, 
1921, numerous specimens reared from plants of the water lettuce 
{Pistia stratiotes), taken from a swamp and from the river Densu 
(PI. XXI, fig. 1). The larvae, while quite capable of leading an 
aquatic existence, appeared normally to frequent the roots of this 
plant, and were frequently reared to the adult stage in plants kept 
merely moist. 


Probezzia stephensi, sp. n. 

This insect, of which at present we possess only a single 
male, resembles Probezzia pistiae, and, indeed, was originally 
included among some examples of that species in our collections 
on account of its almost identical colour markings. Subsequently 
certain morphological differences were observed, particularly in the 
hypopygium, which warrant its separation as a distinct species. 
Only the chief differences between this species and P. pistiae are 
here given. 

Measurements. 

Length of body (one male) .1*7 mm. 

Length of wing .ro mm. 

Greatest breadth of wing.o - 4 mm. 

Head (fig. 20 b) facets of eyes very widely separated (by about 
'I05/O dorsally; anterior median angle of the occiput broad and 
obtuse. Thorax with rather fewer hairs on the dorsum, and some 
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of them larger than those in P. pistiae ; scutdlum bearing two sob- 
median and two lateral bristles, and a few (about a dozen) short 
hairs. Legs : hind legs with a single row of ‘ bulbous' hairs on the 
first tarsal segments only. Claws with terminal fork deeper. 
Abdomen bearing shorter and more scanty hairs. 

Hypopygium (fig. 22). Ninth segment : stemite reduced to a narrow 
strip of chitin; tergite short, tapering, bearing only two large bristles 
which are situated one on each side near the posterior margin, 
continued posteriorly as two large processes, bearing hairs and a few 
bristles, which are separated from each other in the middle, and with 
a large, hairy, lobe-like process on its under surface. Forceps'. 



side-pieces of usual form, moderately hairy; claspers of usual form, 
rather short (about half the length of the side-pieces), broad and 
without large hairs at the base, narrowing abruptly in the middle, 
and terminating in a somewhat spoon-like end. Harpes in lateral 
view bent in the middle at a right angle (see fig. 22 b), the distal 
halves somewhat beak-shaped; in dorso-ventral view the distal 
halves appear as two contiguous chitinous plates (see fig. 22 a). 
AedoeOgus broad, tapering, bearing on each side at the distal end 
a barb-like process; ventral wall chitinised almost to the base; 
membrane joining the aedoeagus to the ninth stemite devoid of 
spicules. 
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GOLD COAST: Oblogo, near Accra, March, 1921; reared from 
some plants of the water lettuce (Pistia stratiotes ), taken from the 
river Densu. (PI. XXI, fig. 1), We have much pleasure in 
dedicating this species to Dr. J. R. C. Stephens, to whom we are 
indebted for numerous interesting collections of biting midges from 
the Ilorin Province, Nigeria. 


Genus DICROBEZZIA , Kieff. 

The chief characters of this genus, which otherwise resembles 
Bezzia, according to Kieffer (1919), are—wings with the third vein 
reaching as near to the wing apex as the anterior branch of the 
fourth vein, femora unarmed, fourth tarsal segment cordiform, fifth 
tarsal segment in the female armed with several pairs of black 
'batonnets/ in the male unarmed, and the claws in the female 
equal, bifid, the large branch two^thirds the length of the fifth 
tarsal segment, the small branch two-thirds the length of the large 
branch, in the made small and simple. We have referred the 
following species to this genus largely on account of the fact that 
the fifth tarsal segment in the female is armed with short, dark 
spines, but it should be pointed out that in other respects it does 
not entirely agree with the generic description given above. The 
differences are considerable, and would, perhaps, warrant the 
erection of a new genus. 

The species closely resembles Probezzia pistiae , both as regards 
the general morphology of the adults, including the structure of the 
hypopygium of the male, and the characters of the pupa. In the 
following description, therefore, only the chief points of difference 
are noted. 


Dicrobezzia nigritibialis , sp. n. 

This insect, of which at present we possess only a single male 
and a single female, resembles closely Probezzia pistiae ; the chief 
differences between it and the latter species are as follows: — 

Measurements. Male. Female 

Length of body .2*3 mm. 27 mm. 

Length of wing .17 mm. 2*2 mm. 

Greatest breadth of wing.0*4 mm. o*6 mm. 
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The female is darker than the male. Head very dark brown. 
Eyes .separated in both sexes. Palpi in the male small, stumpy, 
tapering distally, all the segments very short; in the female, longer, 
as in P. pistiae. Antennae : torus almost black in both sexes: 
middle segments of the flagellum paler brown in the male, in the 
female, antenna entirely dark brown. Thorax : dorsum uniformly 
dark brown, almost black; hairs scanty. Pleurae very dark brown. 
Scutellum very dark brown, bearing in the male, two sub-median and 
two lateral bristles and a few short hairs; in the female four sub¬ 
median and two lateral bristles and numerous short hairs. Wings very 
delicate and with a white appearance, venation as in P. pistiae ; micro- 
trichia extremely small and delicate. Halteres with pale yellowish- 
brown knobs, and darker stems. Legs : femora and tibiae very dark 
brown, first four tarsal segments pale, slightly infuscated at their 
apices, last tarsal segment entirely dark. Fourth tarsal segment 
in the male longer than in P. pistiae , cylindrical; in the female, 
shorter, especially on the fore legs. Claws of the male small, equal, 
bifid at the tips; those of the female large, each with a well developed 
basal tooth. Fifth tarsal segment in the female armed with 
numerous (twelve on the fore legs, fourteen on the middle and hind 
legs) strong, black spines; in the male unarmed. Abdomen dark 
brown, but not so dark as the thorax, and in the female paler 
proximally; in the female, eighth sternite bearing a few long, 
stout hairs on each side of the vulva. Spermathecae two, highly 
chitinised, sub-spherical and unequal (diameters about 76/* and 60 /i L 
respectively); commencement of the duct chitinised for a short 
distance (about 10 p). t 

Hypopygium (fig. 23). Hypopygium very dark and highly 
chitinised. Ninth segment : sternite deep, excavated in the middle 
posteriorly; tergite not very highly chitinised, bearing at its 
posterior end two prominent, hairy, lobe-like processes, spiculated 
portion of its lining membrane prominent. Forceps : side-pieces 
moderately developed, hairs not very long, distal extremity conical; 
claspers obsolete. Harpes very densely chitinised, fused in the 
middle line, and projecting backwards as a process which does not 
expand at its end, but appears to be double; in dorso-ventral view 
the posterior projection appears to be straight but not all in the 
same focus, in lateral view it is seen to be bent sharply towards the 
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tergite near its distal end. Aedoeagus : form somewhat similar 
to that of P. stephensi, but more densely chitinised. Membrane 
-joining the aedoeagus to the ninth stemite studded with spicules. 

PUPA. The pupa is very highly chitinised, especially that of the 
female, and coarsely spiculated. Length, male 36 mm., female 
4*3 mm. It differs chiefly from the pupa of P . pistiae in the 
following points. Respiratory trumpets not turned backwards, 
relatively shorter and broader than those of P. pistiae , terminal 
branches of the tracheal trunk only about ten in number. Cephalo - 
thorax : dorso-lateral tubercle bearing, apparently, only a single 




Fig. 23. Dicrobezzia nigritibialis , *p.n., outlines of male hypopygiunt. a —ventral 
view of forceps and aedoeagus j b —lateral view, middle focus showing harpes and 
aedoeagus. (x 190 circa). 

hair, ventro-lateral composed of two small nipple-like processes, 
each armed with a stout hair; ventro-median apparently represented 
by a very minute hair. Dorsal tubercles very small: anterior 
double, the one part anterior to the other, each bearing a minute 
spine; lateral bearing a long hair; posterior bearing a minute spine. 
Add omen : cuticle coarsely shagreened; large, dark, lateral macules 
at.the anterior margin of the segments dorsally, in addition to the 
macules noted in P. pistiae . Anal segment: cases for forceps 
small and dark coloured. Dorsal tubercles : antero-submarginal not 
contiguous, a small hump with a socket-like mark posterior to the 
outer one; postero-marginal, three, the innermost small, bearing a 
small spine, the other two situated much more laterally, the inner 
rather large, bearing a short spine and having on its inner side an 
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unarmed socket, the outer small, bearing a hair. Ventrolateral 
tubercles: antero-submarginal two, the dorsal one bearing a small, 
spine, the ventral a hair; postero-marginal, two, well developed, 
each bearing a small spine. Ventral tubercles, three, practically 
contiguous, the inner bearing a short spine, the middle a long hair, 
and the outer a short hair. 

Gold ,Coast : Weshiang, near Accra, June 29th, 1921; two 
pupae found in a sample of the algae growing in one of the 
reservoirs of the Accra waterworks. We are indebted to Mr. R. 
Simmons for bringing these specimens to the laboratory. 
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EXPLANATION OF PLATE XXI 

Fig. i. The river Densu at Oblogo, near Accra, showing the 
Ptstia plants from which were reared the following 
midges: —Culicoides distmctipennis, Dasyhelea incon- 
spicuosa, Priono gnathus pseudomaculipennis, Kempia 
ochrosoma, Probezsia pistiae, and P. stephensi. 

Fig. 2. Pool at Accra, from the marginal mud of which were 
reared the following midges: —Culicoides ausleni, 
C. distinctipennis, C. neavei, C. schultzei, C. similis, 
Dasyhelea fuscipleuris, D. inconspicuosa , and Stilo- 
bezzia spirogyrae. 
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THE‘EFFECT OF SALINE SOLUTIONS 
AND SEA-WATER ON STEGOMYIA 
FASCIATA 

BY 

J. W. S. MACFIE 
(Received for publication 24 August, 1921) 

Stegomyia fasciata is relatively intolerant of salt (NaCl). In 
some experiments carried out in 1915 it was found that the larvae 
died rapidly in 2 per cent, salt solution, that the gravid adult 
females were relucant to lay their eggs on this medium, and that if, 
faute de mieux, they did so the eggs were killed and did not even 
harden and darken. Moreover, it was found that normal eggs of 
5 . fasciata placed in salt solution of about the same strength 
(2'3 per cent.) failed to produce living larvae. From these and some 
previous observations (1914) it was thought that sea-water might be 
found to be of service in the campaign against this mosquito. 

More recently these experiments have been repeated at Accra 
actually using sea-water. It was found that undiluted sea-water 
killed the larvae in a few hours (two to four), and that when diluted 
with tap-water 50 per cent, (equal to about i'6 per cent. NaCl) or 
over was fatal within twenty-four hours. As regards the influence 
on the gravid females and the action on the eggs, the results were 
similar to those obtained with salt solution as is shown by the two 
following experiments. 

Experiment I. 20th May, 1919. Stegomyia fasciata, two females and one male 
in a jar containing sea-water. Females fed this day. 

22nd May. Male dead. 

23rd „ No eggs. Females fed at 10 a.m. 

25th „ 4 p.m.—many eggs on the water, all white. 

5th June. No larvae have hatched. 

Experiment II. 20th May, 1919. Stegomyia fasciata, one male and one 
female in a large jar containing sea-water in which stands a small beaker containing 
tap-water. 

23rd May. Female fed. 

24th „ Male dead. 

27th „ Many eggs on the tap-water, a few only on the sea-water ; the 
latter are white. 

isf June. Many larvae in the beaker containing tap-water, none in the 

: sea-water. 
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Sea-water, in fact, was found to act in a similar manner to a 
solution of common salt of equivalent strength. 

An attempt was made to determine the highest percentage of salt 
that the larvae could tolerate. Such experiments are not easily 
devised because normally the larvae pupate after a few days, and it 
is therefore only possible to determine the percentages which prove 
fatal rapidly. Two series of experiments were carried out with the 
object of obtaining information on this point. In the one series 
larvae were used which were in the state of arrested development, 
to which reference has been made elsewhere (1915), and showed no 
inclination to pupate. Such larvae were placed in jars containing 
100 c.c. or 50 c.c. of water to which each day 01 gm. of salt was 
added in a 10 per cent, solution; at the end of each experiment the 
amount of salt present in the medium was determined by titration. 
In four such experiments in which the strength of the saline medium 
was increased by o*i per cent, daily, the larvae did not survive more 
than 0 8, 0*9, 077, and 0 87 per cent. NaCl respectively. In four 
other experiments in which the strength of the saline medium was 
increased by 0'2 per cent, daily, they did not survive beyond 
16, r8, 09, and ri per cent. NaCl respectively. The results of 
these experiments were not quite satisfactory because in the control 
jars containing only tap-water some of the larvae died, showing that 
either the larvae in this state were delicate or that they were suffering 
from the lack of suitable or sufficient food. 

It was thought, therefore, that a better practical test of the 
amount of salt tolerable to the larvae of 5 . jasciata would be obtained 
by starting a culture of these insects in a medium containing a 
low percentage of salt, allowing it to concentrate naturally by 
evaporation, and noting the point at which the larvae died. Such 
experiments it was thought would also show if the larvae were able 
to become habituated to high degrees of salinity. 

An experiment was, therefore, started with a natural medium, 
ri.ch in organic material, in a large jar on the sides of which were 
very many ripe eggs of S. jasciata . Sufficient common salt had 
been added to the medium to bring the percentage of NaCl up to r 1. 
The jar, covered only by a piece of gauze, was then placed on the 
laboratory bench and allowed to concentrate gradually by natural 
evaporation. The larvae which hatched from the eggs developed 
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rapidly at first, then more slowly, and after about a fortnight 
appeared to be dying off. On the nineteenth day, when it was clear 
that they were rapidly diminishing in number, a small quantity of 
the medium was withdrawn for analysis. It was found to contain 
1*3 per cent. NaCl. From this time onwards the larvae steadily 
dwindled, the last individual dying on the thirty-sixth day of the 
experiment, when the salinity of the medium was found- to be 
1*45 per cent. NaCl. During the experiment only a very few of 
the larvae pupated, and all that did so, excepting the first (which 
pupated on the ninth day, when the salinity was estimated to be 
i‘2 per cent.), died in the act. A second experiment on the same 
lines may be summarised as follows: — 

1st Day. Salinity of medium equals I # I per cent. NaCl. Multitudes of little 
larvae which have just hatched. 

8th „ Larvae fewer and not growing much. 
l6th „ Very few surviving larvae. No pupae yet. 

18th „ Only two surviving larvae. 

20th „ Last larva dead. Salinity of the medium found to be 1*38 per cent. 
NaCl. No pupae have appeared. 

The four experiments of this sort (see table) that were carried 
out showed that the percentages of salt in the media at the times 
of the deaths of the last larvae were 1*45, 1*38, 1*45, and 1*45, 


Number of days 
for which the 
experiment lasted 1 

Percentage of NaCl 
in the medium at 
the beginning of the 
experiment 

Percentage of NaCl 
in the medium at 
the end of the 
experiment, namely, 
when the last larva 
died 

Number of pupae 

• 


IT 

‘•45 

1, and a few which died. 

20 

IT 

i - 3 8 

None. 

24 

ro 

•'45 

None. 
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respectively. The larvae had, of course, begun to die off some 
considerable time before this concentration was reached. Pupation 
was very seldom attempted, and was usually fatal. The experi¬ 
ments furnished no evidence that the larvae could be habituated to 
such degrees of salinity. 




The inference from these experiments would appear to be that 
a ro to i‘4 per cent, solution of common salt, or an equivalent 
strength of sea-water, would effectually prevent the larvae of this 
mosquito from developing to the adult stage. It would seem 
probable that sea-waWr, if used for such purposes as flushing drains 
and gutters, scowering market-places, etc., would kill both the 
larvae and the eggs of S. jasciata, and that even if puddles were 
left the adult females would be reluctant to deposit their eggs on 
them, but that if they did so the eggs would be killed immediately. 
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THE PREVALENCE AND CHARACTER 
OF TUBERCULOSIS IN HONGKONG 

BY 

HENRY HAROLD SCOTT, 

M.D., M.R.C.P. Lond., F.R.S.E., D.P.H. 

GOVERNMENT BACTERIOLOGIST, HONGKONG; 

LECTURER ON SPECIAL PATHOLOGY, HONGKONG UNIVER81TY 

(Received for publication 12 October , 1921) 

III. THE MORBID ANATOMY AS MET WITH IN CASES 
AMONG CHILDREN 

It is a well-known fact that the primary portal of entry of the 
bacilli in cases of tuberculosis and the mode of spread of the disease 
are by no means always easy to determine: in some instances, 
indeed, one can hardly do more than hazard a conjecture. When 
we remember that the bacilli may pass through a mucous membrane 
and even through the walls of vessels and circulate as foreign 
bodies without setting up any immediate injury, but only more 
remotely causing changes at some distant site where they finally 
settle, we must always be cautious against employing too freely the 
anatomical distribution of the lesions as found in the post-mortem 
room for the interpretation of their genetic relations. In some 
instances, again, none of the ordinarily described routes seem to 
explain the method of spread, as was indicated in some of those 
mentioned in a previous paper. 

The extent and distribution of tuberculous lesions in an animal 
inoculated experimentally depend upon several factors, namely, the 
number and virulence of the bacilli, the resistance set up against 
infection by the inoculated animal, the seat of inoculation, and the 
time which has elapsed since infection. It was found as a result 
of several experiments in which the same dose of bacilli from the 
same source was inoculated at the same site (namely, subcutaneously 
into the left hind leg) into animals of the same species and as nearly 
as possible of the same weight, that in ten days the adjacent gland 
was involved; in ten to twenty days the left superficial and deep 
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inguinal and the sacro-lumbar glands, and also, perhaps, the spleen 
and the retrohepatic glands. In another ten to fifteen days the 
liver, the lungs, the bronchial, suprascapular, and cervical glands 
on both sides showed involvement (Del6pine). 

Since in my series the respiratory portal of entry was that most 
frequently encountered, these cases will first be dealt with. 

Albrecht, Ghon, and others hold that .there is a special form of 
tuberculosis in children, consisting of a primary lung focus and 
resulting from the entrance of the bacilli by inhalation. This focus, 
they stated, was usually the size of a pea, but might be quite small 
and was rarely larger than a cherry. In nearly three-fourths of the 
cases the focus was single. The focus is believed to arise 
‘ in aggregations of lymphoid tissue in the neighbourhood of small 
bronchi.’ Around this focus small tubercles are seen, and perhaps 
reactionary fibrous tissue. In the case of larger foci, hard, dry 
caseation is usual, and occasionally there is actual cavitation. As 
regards the situation of the focus, the order of frequency was: right 
upper, left upper, right lower, left lower, right middle, the first- 
named site being four times as common as the last. 

An examination of the mediastinal glands showing involvement 
will, in many cases, enable one to predict the situation of the lung 
focus. The lymphatics, deep and superficial, discharge into the 
broncho-pulmonary glands situated between the branches of the 
main bronchi and at the hilus; those from the middle and lower 
portions of the lung into the inferior tracheobronchial at the 
bifurcation of the trachea; those from the upper into the superior 
tracheobronchial in the angle between the trachea and bronchus. 
There is also a chain of glands each side of the trachea, the para- 
tracheal glands. Infection across from one side to the other is 
frequently met with. 

The original focus may open into a bronchus, and thus by 
inhalation a tuberculous broncho-pneumonia is set up; a like result 
would, of course, follow the perforation of a bronchus by an inherent 
gland. Again, there may be direct extension from a gland adherent 
to the pulmonary tissue, while, lastly, by communicating with a 
blood-vessel, miliary tuberculosis may ensue. 

It used to be held that gland infection was primary and the lung 
condition secondary to it, but this would leave unexplained the 



3*3 

fact of apparently arbitrary selection of a site remote from the 
primary gland infection, while the intermediate tissue remained free 
from disease. 

Canti examined the bodies of eighty-four children under ten 
years of age. Of these, there were thirty-three under one year, and 
sixteen (1905 P er cent.) showed tuberculous lesions. Of these 
sixteen, ten had foci in the lungs, the largest was the size of a 
cherry, the average that of a pea. In eight a single focus only was 
found; in one case two foci of practically the same age were seen, 
and one showed several; in this instance, however, one of the foci 
was cavernous and appeared older than the remainder. In the 
eight with a single focus, this was found three times in the left lower 
lobe, twice in the right upper, twice in the left upper, and once in 
the right middle. In other words, the findings in this series of 
Canti’s agreed in the main with those of Ghon as affording evidence 
in favour of the common existence of pulmonary tuberculosis in 
children. The chief points to which attention is directed are the 
following, and, in discussing the series of cases considered here, 
I do not think one can improve upon the lines taken by Canti, and 
for purposes of comparison it is advisable to deal with the points in 
this order: — 

1. The almost constant finding of a lung focus when tuberculous 

mediastinal glands are present, and the close relation of 
these glands to the lung focus. 

2. The frequent singleness of the lung focus. 

3. The constant finding of tuberculous mediastinal glands when 

a lung focus is present—a corollary of the first. 

4. The almost constant absence of a lung focus when the portal 

of entry appears to be elsewhere. 

5. The almost constant absence of evidence that the portal of 

entry may be elsewhere when a lung focus is present—a 
corollary of the last. 

Work at the mortuary here has afforded me exceptional 
opportunities for studying these questions, the number of bodies to 
be examined is great, the proportion of children very high, and a 
few weeks’ experience sufficed to drive home the fact that tuberculosis 
forms a large percentage of the causes of death. 

The differences between the post-mortem findings in children 
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dying from tuberculosis and those in *adults are considerable. 
Amongst the first three hundred consecutive cases with which this 
and the two previous papers are concerned there were two hundred 
and twenty-five under ten years of age. The remaining seventy-five 
are insufficient for a study of adult tuberculosis, so this paper will 
be restricted to dealing with the disease as it occurs in children 
here. The number (two hundred and twenty-five cases) will 
provide sufficient basis for argument as to whether the conditions 
of tuberculosis in the tropics, as exemplified at least in Hongkong, 
resemble those at home, and, if not, in what the differences consist. 
For purposes of discussion, it will be well to take the points in the 
above order. 

i. The almost constant finding of a lung focus when tuberculous 
mediastinal glands are present, and the close relation of these 
glands to the lung focus. 

The truth of this statement has been substantiated in the majority 
of the present series. In twenty-nine instances, however, caseous 
mediastinal glands were found without any focus being detected 
in the lungs. Eleven of these showed strong evidence of being 
primarily alimentary and the mediastinal glands may have become 
involved secondarily to the mesenteric, a condition the occurrence 
of which was proved by the experimental work of Calmette, Guerin 
and Breton (1907). They found that in guinea-pigs dying in two 
to four weeks after being fed on the bacilli the mesenteric glands 
(especially the superior deriving from the small intestine) were 
enlarged and inflamed, although no trace of any infesting lesion 
could be determined. After six to seven weeks, these glands were 
caseous in greater or less degree and the lungs showed involve¬ 
ment by miliary tubercles With affection of the corresponding 
tracheo-bronchial glands. Furthermore, these glands, as shown in 
several of the cases detailed in this series, become caseous more 
rapidly than the pulmonary lesions preceding their involvement. 

In one other of my series there was a tuberculous abscess of the 
sixth cervical vertebra discharging into the right pleural cavity, 
which might account for the involvement of the mediastinal glands 
without a focus in the lung. Putting these aside, there were still 
seventeen which did not conform to the statement relative to the 
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presence of a lung focus when mediastinal glands are found and the 
relation of the glands to the focus. Of these seventeen, there were 
fifteen which showed miliary tubercles in the lungs, occasionally in 
considerable numbers, but in twelve only a few; nevertheless, 
mediastinal glands on one or both sides were found enlarged and 
caseated. In none of them was any sign of tuberculosis found in 
the tonsils or cervical glands. Where the involvement of the lung 
with miliary tubercles is fairly extensive, it may be argued that the 
gland constituted the focus whence the lung became infected, but 
then we are still in the dark as to the source whence it became itself 
tuberculous. 

Apropos of some of these cases, the remarks of Bushnell in the 
Military Surgeon (1918) may be recalled. He states that from a 
hilus infection the tubercle bacillus is described as travelling by the 
peribronchial lymph spaces in a direction opposite to that of the 
normal lymph flow to a region in the upper lobes where the lymph 
motion is most sluggish. This might be aided by a reversal of the 
lymph current, and such a reversal might in turn occur as the result 
of a block at the hilus. The tubercle bacilli travelling by these 
spaces to the parenchyma are resisted by the tissue cells and a 
type of peribronchial tuberculosis results. Caseation through the 
bronchus may take place, although peribronchial tuberculosis is 
more often of the ‘ closed ’ type, as is evidenced clinically by the 
frequency with which the bacilli are found in the sputum and the 
rarity of haemorrhages in such cases. 

In two others the difficulty is increased by the fact that although 
the mediastinal glands were enlarged and caseous, in one case the 
tracheo-bronchial, in the other the paratracheal, forming adherent 
and caseous masses, there was no involvement of the lungs at all. 
In the former there were meningeal tubercles mostly at the base and 
along the sylvian fissures, whereas in the latter the only organs 
found affected were the kidneys, where at the base of a pyramid 
towards the lower pole of each were several minute tubercles focally 
arranged. 

So much for instances in which caseated mediastinal glands 
were found without a corresponding focus in the lung. As regards 
the second point—the close relation of the affected glands to 
the lung focus—there were four cases in which the two did not 
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correspond, in other words, the expectation of localising the long 
focus from the gland involved was falsified. In three the focus 
was in the left lung, as large as a haricot bean, and in one case 
there was a cavity as large as a filbert; in the fourth the focus was 
in the right lung. In each case there was a caseated gland, but on 
the opposite side. The related glands on the affected side were, 
in three, not involved at all, and in the fourth there was a little 
congestion only. 

It is well known that communication between the glands from 
one side to the other may be free, and this may be offered as an 
explanation of the passage of infection from one side to the other; 
nevertheless, it is less likely that in children, in whom caseation of 
the mediastinal glands occurs early and readily, infection should 
pass to the opposite side and apparently miss those on the side 
affected. One example may be quoted briefly:—In a boy, three 
years of age, there was a sub-apical focus as large as a pea in the 
right lung and a few scattered miliary tubercles in both; the hilus 
glands were enlarged on both sides, but whereas on the right they 
showed merely a small caseous point on section, on the left the gland 
was completely caseated. This differs from the four previously 
mentioned in that there was a spot of caseation in the gland on 
the side of the focus, whereas in the others the related glands had 
apparently escaped altogether. 

2. The frequent singleness of the lung focus. 

Among the sixteen cases described by Canti there were eight 
with a single focus, while Ghon states that in 7275 per cen{. this is 
the case. Of the two hundred and twenty-five children under 
ten years of age among my series of three hundred cases, there were 
one hundred and thirty-seven showing focal conditions in the lungs. 
Of these, there were ninety-five in which the focus was single, 
i.e., in 69'34 per cent.; in forty-two, or 3066 per cent., there was 
more than one. 

Ghon found that when only one lung focus was discovered the 
various lobes were involved in the following order of frequency: — 
Right upper 3098 per cent., left upper 23 24 per cent., right lower 
22 54 per cent., left lower 1549 per cent., and right middle 
775 per cent. 
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Of the ninety-five cases in my series in which only a single focus 
was found, the numbers in which each lobe was concerned were: — 
Right upper twenty-six, or 27*37 per cent.; right lower twenty-three, 
or 24*21 per cent,; left upper eighteen, or 18*95 P er cent .» ^ l° wer 
fifteen, or 15*79 per cent.; right middle thirteen, or 13*68 per cent. 
The main differences, it will be seen, are that in his series the left 
upper and right lower were affected in about an equal number of 
times, the former slightly preponderating, whereas in mine these 
were reversed, and. secondly, in mine the proportion in which the 
right middle lobe was involved was much higher. 

As regards those which contained more than one focus, there 
were thirty-two with two, five with three, and the same number 
with several. The following was the distribution in cases with 


two foci: — 

Both in the upper lobe of the left lung. 5 

Both in the lower lobe of the right lung . 5 

Both in the lower lobe of the left lung. 4 

Both in the upper lobe of the right lung . 3 

One each in the lowest and middle lobes of the right lung ... 4 

One each in the upper and lower lobes of the left lung ... 4 

One each in the upper and middle lobes of the right lung ... 2 

One each in the upper and lowest lobes of the right lung ... 2 

One each in the upper lobe of each lung . 2 

One each in the lower lobe of each lung . I 


Of the five instances in which three foci were found, in one case 
all were in the upper lobe of the right lung; in another all were in 
the lower lobe of the left. Of the remaining three, all were in the 
right lung, viz., one in the upper and two in the lower in two cases, 
and the reverse of this, two in the upper and one in the lower 
in one. 

Finally, in the five cases in which there were more than three 
foci, the following was the distribution:—All in the left lower lobe 
in one; in another, three foci were present in the upper lobe of the 
left and one in the upper of the right; in a third, foci were present 
in all lobes except the right upper; in a fourth, in all except the 
left upper; in the fifth, in all except the left lower. 

• Taking all the cases in which foci were found in the lungs, 
in one hundred and thirty-seven instances, the right upper lobe 
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was involved forty-two times, the right lower forty-one, thte left 
upper thirty-two, the left lower twenty-eight, and the right middle 
twenty-two. Thus, whereas Ghon found that the left upper wa* 
that most frequently involved after the right upper, in my series 
these were reversed; the right upper and right lower were involved 
almost an equal number of times, whether we consider merely cases 
with a single focus or whether we have regard to all instances in 
which focal lesions were present. 

3. The constant finding oj tuberculous mediastinal glands where a 
lung focus was present . 

In adult cases this has certainly not been my experience here, 
but it appears to hold good with nearly all cases in children. In 
twelve of this series, in spite of focal affection of the lung, and even 
of considerable advancement of the disease, there was no naked-eye 
involvement of mediastinal glands. In four of these the glands 
showed microscopically giant cells and a few bacilli. In three 
others, owing to the early age at which death occurred (twenty-two, 
twenty-four and twenty-nine days, respectively), although foci 
were present and the disease was of considerable extent in the 
lungs, an explanation of the absence of tuberculous affection of the 
corresponding mediastinal glands may be tendered by suggesting 
that death took place before there was time for gland involvement 
to arise. 1 his hypothesis finds a certain measure of support from 
two others, each of seven weeks old, in whom there was a lung focus 
and the corresponding mediastinal gland was congested an/1 slightly 
swollen, not macroscopically tuberculous, but on sections being made 
giant cell systems and bacilli were seen. On the other hand, the 
findings in two others appear to deprive this hypothesis of its value. 
In one of these, a child of three years, there was typical phthisis— 
tuberculous broncho-pneumonia with ulceration—and in the other, 
four years of age, the disease had been in existence long enough to 
produce caries of three vertebrae in addition to a lung focus 
and several caseating tubercles; nevertheless, no corresponding gland 
involvement was found. 
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4. The almost constant absence of a lung focus when the portal of 

entry appeared, to be elsewhere. 

This is p. more difficult matter on which to pass an opinion out 
here, where the chances of infection by a double route, respiratory 
and'alimentary, are so great. In a previous paper, when we were 
discussing cases in which the primary portal was uncertain, several 
of such were dealt with. To take these as instances for considera¬ 
tion as to the verity of the dictum of this section would be to beg 
the question. The statement would apply rather to places where 
one sees either respiratory or alimentary cases, or at least cases in 
which the primary portal is undoubtedly one or the other, not those 
in which the dual route is not only possible, but, as in many here, 
highly probable. 

Apart from these, there were five in which a definite lung focus 
was present, although the primary portal of entry was probably, 
in fact, one might say certainly, not via the respiratory tract. In 
two there was a condition of tabes mesenterica, the glands in the 
abdomen being in aggregated caseous masses; in one of these cases, 
an infant of eight months, there was a focus the size of a pea in the 
right lung; in the other, a child of twelve months, a focus as large 
as a marble, also in the right lung. In two others, aged twenty 
months and four years respectively, there was extensive tuberculous 
enteritis with numerous ulcers and caseated mesenteric glands, and 
in the second marked tuberculous peritonitis also; in each of these 
there was also a lung focus. In the fifth, a girl of four years, there 
was caries of three vertebrae, and several tuberculous ulcers were 
present in the intestine; in the lower lobe of the right lung was a 
focus as large as a cobnut. 

It is a difficult matter to discuss this question apart from the 
next, namely:— 

5. The almost constant absence of evidence that the portal of entry 

might be elsewhere when a lung focus was present. 

In the previous points, my findings have been to a great extent 
in agreement, but in this, if I understand it correctly, my experience 
is distinctly at variance. 

Several of the cases reported in this series would find an 
explanation in a dual route of infection, whereas the statement above 
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would appear to rule out such an occurrence, not merely as a more 
or less simultaneous infection, but even after an interval. So it 
would seem to put forward the claim that, given a primary lung 
focus due to respiratory route infection, there is little, if any, 
likelihood of the intestine becoming affected unless secondarily to 
the pulmonary focus. This cannot be ascribed to an increased 
resistance or immunity owing to the presence of the lung 
tuberculosis, because it is a well-established fact that intestinal 
tuberculosis can arise from the swallowing of infected sputum. 

One explanation which, however, in my opinion*, savours rather 
of evading the difficulty than explaining it, would be to say that 
whenever a lung focus is present together with definite alimentary 
tuberculosis, the former was the primary site, and the intestinal, 
though perhaps more advanced, arose from the swallowing of the 
infected sputum. We may account for some of the cases in this 
way: the respiratory route gives rise to the lung focus primarily, 
the intestine becomes infected secondarily, and the lungs are again 
involved by miliary tubercles spreading via the lymphatics to the 
thoracic duct, and so to the pulmonary circulation. A considerable 
number in this series may be thus explained, and several have been 
mentioned in the previous paper. 

In connection, however, with these points—the ‘ almost constant 
absence of a lung focus when the portal of entry appears to be 
elsewhere,’ and the corollary of this, the ‘almost constant absence 
of evidence that the portal of entry might be elsewhere when a lung 
focus was present ’—there are twelve which did not appear -to 
conform. There is no need to describe them all; two examples will 
suffice: —(i) A girl of four years with tuberculous caries of the 
spine. In the discussion on this case, it was stated: ‘ The spinal 
site was probably the oldest; from the number of ulcers in the 
intestine, from the fact of the large and the small both being 
involved, and from the mesenteric glands being in large caseous 
masses, the alimentary tract would appear to have been involved 
prior to the lung.’ There was a sub-apical focus in the right lung 
the size of a cobnut, becoming caseous, (ii) A female infant erf 
eight months; the mesenteric glands were in large caseous masses, 
whereas the mediastinal were not much enlarged and contained 
merely small caseating points. The tuberculous infection of the lung 
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was limited to the middle lobe of the right, in which there was a 
distinct focus the size of a pea. 

It has been stated by MacCallum that in children one may find, 
instead of the apical lesion so common in adults, a caseous softening 
of bronchial lymphatic glands and erosion through a bronchus to 
produce wholesale tuberculosis of a lung, or a large section of it. 
Several of the cases in this series might be looked upon as examples 
of this; we must bear in mind, however, that, though this may 
explain generalised infection of part or even the whole of a lung, 
we still leave unaccounted for the source whence the gland became 
involved. In those instances in which we find a focal lesion, the 
subsequent more generalised condition in that lung, or part of it, 
may be ascribed to reinfection from the gland, which itself was due 
to the primary focal lesion, In cases where no focal lesion is found 
to which the mediastinal gland could be traceable, and especially 
in cases where both lungs are attacked by miliary or grey tubercles, 
the spread may have occurred by the blood-stream; if general, by 
the pulmonary circulation, if localised, either by a branch of this 
or of a bronchial artery. In one case, in which there was caries of 
the right side of the sixth cervical vertebra and pus discharging 
into the right pleural cavity, into a loculus shut off by pleural 
adhesions, the glands at the hilus and along the trachea were 
caseous and may have arisen secondarily to the lesion above, and the 
widespread miliary affection of the right lung may then have resulted 
by the method which MacCallum describes. ' 

Passing on to the question of abdominal and alimentary tuber¬ 
culosis, there is not much to be said in this paper dealing with the 
aspect of the morbid anatomy. As already stated, cases of isolated 
primary tuberculosis of the intestines, not uncommon at home, are 
comparatively rarely met with out here. In only four instances was 
the disease confined to the abdomen; three of these were infants, 
aged respectively ten, eighteen and twenty-two months, the fourth 
was a child of seven years. From the intestines with, or more often 
without, any local lesion, the bacilli arc arrested for a time in 
the mesenteric glands and thence spread either by way of the 
lymphatics to the blood and so to the lungs (of this, several instances 
have occurred in this series, and have already received sufficient 
mention), or else by the portal blood to the liver. This has been 
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very rare in these cases. In fact, cases ill which the liver was 
extensively involved have been few. The spleen in nearly all wa$ 
more affected than the liver, and in two only was the liver infected 
and not the spleen. When tubercles were found in the liver, 
in the large majority of instances they were small, miliary to 
pin-head, and confined to the surface. The rarer forms of intestinal 
tuberculosis where the disease is localised to the region of the ileo- 
caecal valve to produce a mass of tuberculous cicatricial tissue 
constricting the lumen, I have met with once among these cases. 

The following is worthy of mention while dealing with alimentary 
forms. The subject was a child of two years; there were tuberculous 
ulcers in the small intestine, and the mesenteric glands were enlarged 
and caseated. A tuberculous meningitis was the only other lesion 
detected; there were numerous pin-head tubercles at the base and a 
few on the vertex. The mode of extension in this case is obscure. 
One only evades the question by saying that it was probably 
metastatic by way of the blood-stream, analogous possibly to cerebral 
abscess in cases of haemorrhoids and in liver conditions. 

The meninges and brain were found involved in a considerable 
number of cases, particularly the former, and usually as miliary 
tuberculosis affecting mostly the base and the Sylvian fissures. 
Definite focal masses in the brain or cerebellum were comparatively 
rare. 

There were several cases in which the lungs and meninges were 
the only parts in which tubercles were found. In seven instances 
the meninges and one lung only were affected; in six of these it was 
the right lung which was attacked. In one other case, in .addition 
to the lung and meningeal involvement, there was a tuberculous 
focus the size of a small marble in the right cerebellar hemisphere. 
In one case, a girl of eight years, the mediastinal glands and the 
meninges were the only parts found affected, there being no tubercles, 
cither focal or miliary, in the lungs. 

The mode of extension to produce the peculiarly limited 
distribution of tubercles in lungs and meninges is obscure, and is, 
perhaps, analogous to brain affections secondary to other pulmonary 
conditions, bronchiectasis, for example. There is not, as far as 
I am aware, any lymphatic connection between the lungs and the 
base of the hrain, and if the extension occurred by way of the 
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blood-stream, Why should the secondary infection be so limited? 
One would almost certainly expect to find signs in other organs. 

I am also unable to suggest any significance for the fact that, 
in the combination of lungs and meninges, of the seven cases in 
which one lung only was affected, in six it was the right; and of 
the five cases in which both were involved, in three the right was 
more affected than the left. Again, in the case already referred to 
in which the mediastinal glands and meninges were tuberculous, 
but in which no signs were detected in the lungs, the glands were 
those of the right side only. 

The combination of lungs, meninges and spleen was a little more 
common, fifteen of such being met with. In two of them only one 
lung was involved, in each case the right. 

In this connection, it may be worth noting that the involvement 
of the spleen with miliary tubercles as the only abdominal viscus 
affected has not been very infrequent, and may find explanation, 
perhaps, if one regards the spleen as the meeting point of lymphatic 
and blood terminals. I may refer here to the observations of Dumas 
upon what he calls an unusual form of tuberculosis met with in 
Salonica amongst Senegalese and Arab troops. He noted that the 
mediastinal and peribronchial lymphatic systems were first affected, 
and later the pleura and pericardium. In the early stages the 
glands were merely enlarged, but later they suppurated or became 
caseous. At the onset there were no lesions of the*parenchyma of 
the lung, and even later not the ulcerating and caseous form, only 
a few scattered tubercles. He considered that it was in the spleen 
that the lesions passed from the lymph to the blood stream. When 
the spleen was normal no tubercles were found in the lungs, but 
when the former was invaded the latter were also affected. 

Examples of this in children, i.e ., cases in which the spleen is 
the only abdominal viscus involved and the connection referred to 
between this and the pulmonary findings seem to find support in* 
some of the instances in this series. One may be given: a male 
child, three years of age, showed miliary tubercles scattered 
through both lungs, the spleen contained similar tubercles, as did 
also the meninges. The hilus and paratracheal glands on the right 
side were enlarged to the size of a cobnut and were caseous. Again, 
a i was pointed out above, in the peculiar limitation at times to the 
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lungs and meninges, if haematogenous metastasis occurs, the first 
part to suffer is the meninges. In two other instances, however, 
the lungs were affected with small tubercles (no focus) and the hilus 
and paratracheal glands wore caseated, but the spleen was not 
involved; in one of these blood infection was apparent, since the 
meninges revealed basal tubercles. 

On nine occasions were foqal tubercles found in the brain or 
cerebellum. The commonest site was the latter, for cerebellar were 
found in eight. Of these, the focus was present in four cases in die 
left hemisphere, in three in the right, and once in both. In this 
last there were four distinct foci, two in each lateral lobe; two others 
had a second, extra cerebellar, focus, namely, in the right cerebral 
hemisphere in one, in the left crus in the other. Finally, one 
subject, a female child of two and a half years, exhibited multiple 
foci: three distinct ones in the left lobe of the cerebellum, two in the 
left cerebral hemisphere, and one in the left hippocampus. 

A striking feature of the tuberculous conditions as met with here 
is the rarity of bone, joint or skin affections. In this series there 
were five with tuberculous ulcers of the skin, four of these on the 
face and neck and one on the forearm. Not a single instance of 
tuberculous joint disease was encountered, and only three with bone 
lesions. In two of these there were caries of the lower dorsal and 
upper lumber vertebrae; a third had caries of the sixth cervical 
vertehra, and tuberculous disease also of the left tibia and both 
femora. A fourth had widespread tuberculous disease—lungs, 
liver, spleen, peritoneum and meninges—and extensive caries of the 
left mastoid, but there was no absolute proof that this last was due 
to tubercle. 

Tuberculous cervical adenitis, so frequently met with at home, 
is a comparative rarity in the post-mortem room here. Of the whole 
series there were only twenty-eight instances, and in three of these 
the enlargement was very slight, so slight that there was not 
sufficient macroscopical evidence to determine its nature; on section, 
however, giant cells and tubercle bacilli were seen. 

In one case there was almost universal involvement of the 
glands—cervical, submaxillary, supraclavicular, axillary, media¬ 
stinal, mesenteric and femoral—together with widespread pulmonary, 
intestinal, and some renal tuberculosis. This was a child of only 
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y throe years. Sections did not show any of the usual conditions 
characteristic of Hodgkin’s disease. In contrast to this, may be 
incidentally mentioned a little girl of seven months, showing 
but one cervical gland enlarged, with very extensive tuberculous 
disease—longs, pleura, mediastinal glands, mesentery, intestines, 
liver, spleen, kidneys, meninges. 

Cases in which the genito-urinary tract has been involved have 
been comparatively few in my experience here. TKe majority of 
these showed a few miliary tubercles as emboli in the glomerular 
capillaries, consituting part of a general haemic infection. There 
were ten instances in which the kidneys were found focally affected 
in conjunction with widespread tuberculosis. One, a girl of 
three years erf age, merits further mention on account of the 
peculiar distribution. The extensive alimentary infection—tuber¬ 
culous ulceration of both large and small intestines, caseated, 
adherent mesenteric glands, extensive infection of the peritoneum— 
and the equal distribution of tubercles throughout both lungs would 
point to the alimentary canal as the primary portal of entry. The 
condition of the kidneys, however, does not support the idea of a 
haematogenous origin from entrance of the bacilli into the general 
circulation from the lungs. Each kidney showed a large focus in 
a similar situation at the lower pole, the size of a cobnut and 
caseous, most advanced at the margin between the cortex and a 
pyramid, and passing in as if later it would discharge into the 
pelvis. No indication of involvement of the ureters was detected. 
The foci gave the impression that they had arisen from affection of 
the tubules in course of excretion (as mentioned by Aschoff and 
Israel). The foci were each of them in a more advanced state than 
a few smaller, pin-head and miliary, tubercles in the cortical area 
of the right kidney, which had more likely arisen by haematogenous 
infection. The kidney foci appeared to be of considerably older 
standing than the pulmonary condition, and showed more advanced 
caseation than the mediastinal glands, but less than the mesenteric. 
There were no indications of an ascending infection from lower 
down the urinary tract. Other viscera, liver and spleen, showed 
sparse tubercles only, and these were, in the former at all events, 
confined to the peritoneal surface. Briefly, the age of the kidney 
condition appeared to be less thap that of the alimentary but 



more than that of the pulmonary, and the mode of involvement is 
obscure. 

Two others are of sufficient interest to warrant brief mention:— 
(i) An infant of nine months, showing generalised tuberculosis— 
lungs, intestines, liver, spleen, kidney—and, in addition to miliary 
infection of the last, one calyx in the left was hollowed out and 
lined by tuberculous material; (ii) a girl of four years, with miliary 
tuberculosis of the lungs and of the liver surface, but the only focus 
found in the body was a caseated mass occupying practically the 
whole of a pyramid in the left kidney. 

Finally, while speaking on the subject of gemto-urinary 
affection, mention must be made of two cases of exceptional interest. 
Both exhibited extensive disease, lungs, meninges, intestines, 
peritoneum and ovaries. In one, a girl of four years, both ovaries 
were enlarged, and had become converted practically into caseated 
masses; this case has been described in a previous paper when 
discussing the primary portal of entry. In the other, an infant of 
only eight months, the Fallopian tubes were swollen and caseous on 
both sides, while the ovaries were in a condition similar to the last. 
In this case a possible (or, rather, probable) source was by contiguity 
from the tuberculous peritoneum, but in the former the tubes did 
not appear to be affected. 
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ON THE GENUS CYLICOSTOMUM * 

BY 

J. E. W. IHLE 

(From the Zoological Laboratory , Veterinary College, 

Utrecht ) 

{Received for publication 2Q October , 1921) 

Last year (1920 a, p. 268) I published an enumeration of the 
species of the genus Cylicostomum } and divided this genus into 
eight groups, of which three had been distinguished by Looss 
(1902, pp. 130-132). Since that time some new species have been 
described. Moreover, I think it necessary to modify somewhat the 
groups, so that I now divide the Cylicostomum species as follows: — 


I. Tetracanthum-coronatum group. 

The external leaf-crown is composed of eighteen to twenty-four 
elements; those of the internal leaf-crown are thin, triangular plates, 
the place of origin of the latter extending in a backward direction 
to some distance from the anterior margin of the mouth-capsule. 
Mouth-capsule rather short. Posterior extremity of the $ straight 
or slightly bent in a dorsal direction. 


• Of late, some authors (Railliet, Travassos) use, instead of the name Cylicostomum , the 
genus-name Tricbonema , which ought to be used according to the law of priority. In 1874, 
Cobbold (Veterinarian) Vol. XLVII, p. 85) described under the name Tricbonema arcuata 
larvae of Cylicostomum. One year later ( Veterinarian , Vol. XLV 1 II, p. 241) he established 
the fact that this Tricbonema is the larva of 1 Strongylus tetracantbus ,’ the present genus 
Cylicostomum Railliet, As, however, the law of priority must be applied 1 when any stage in 
the life-history is named before the adult,’ and the name Cylicostomum (Railliet, V tebo Vitkin^ 
Vol. XXXI, p. 40) is used in 1901 for the first time, Tricbonema ought to be used. 

It does not seem advisable to me in this, nor in the like cases, to adhere to the rules of 
zoological nomenclature, when, owing to this, a completely familiar name would be replaced 
by one still entirely unknown. Neither did I always adhere to the law of priority in my revision 
of the Trematodes, Cestodes and Nematodes of domestic animals, in the third edition of Sfyiiter 
and Swellengrebel, 1 De dierlijke parasieten van den mensch en van onze huisdieren/ 
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1. C. tetracanthum (Looss), 1902, p. 124. 

2. C. labratum (Looss), 1902, p. 124. H.* 

3. C. ornatum, Kotldn, 1919, p. 10. 

4. C. labiatum (Looss), 1902, p. 125. 

4 a. C. labiatum (Looss) var. digitatum, n. var. H. 

5. C. sagittatum, Kotl&n, 1920, p. 4. 

6. C. corona turn (Looss), '1902, p. 125. H., 

II. Alveatum-catinatum group. 

The external leaf-crown consists of twenty to twenty-nine 
elements; those of the internal leaf-crown are similar to those of the 
first group. Posterior extremity of the 9 strongly bent in a dorsal 
direction, with a swelling before the vulva, so that it reminds one of 
a human foot, seen laterally. 

7. C. alveatum (Looss), 1902, p. 127. 

8. 'C. catinatum (Looss), 1902, p. 128. 

8a. C. catinatum (Looss), var. litoraureum, Yorke and Macfie, 
1920, p. 166. 

9. C. pseudo catinatum, Yorke and Macfie, 1919, p. 273. H. 

10. C. pateratum,YoxVt and Macfie, 1919a, p. 57 (= C. cyma- 

tostomum, Kotl&n, 1919, p. 11). H. 

11. C. goldi, Boulenger, 1917, p. 210. H. 

12. C. tridentatum, Yorke and Macfie, 1920, p. 153. 

13. C. mettami, Leiper, 1913, p. 460. 

C. tridentatum and C. goldi are evidently closely allied 
species, as I found the three teeth of the oesophageal funnel of 
C. tridentatum , described by Yorke and Macfie, also in C. goldi. 
They are visible only in thoroughly transparent specimens with dean 
mouth-capsule. 

It seems to me that C. pseudocatinatum must be considered a 
variety of C. catinatum. The former does not differ more from 
C. catinatum than does C. catinatum var. litoraureum, Yorke and 
Macfie. Both differ from C. catinatum in the appendages of the 
genital cone. Moreover, the appendages of C. catinatum litoraureum 
are more like those of C. pseudocatinatum than like those of the 
typical catinatum form. So when we consider litoraureum a variety 
as Yorke and Macfie do, this also applies to pseudocatinatum. 


* The specie* occurring in HoHtnd are marked H. 



III. Radiatum-elongatum group. 

Mouth-capsule with a hoop-like thickening at the posterior 
margin. Elements of the internal leaf-crown generally small and 
numerous, originating close to the anterior margin of the mouth- 
capsule. Posterior extremity of the $ straight, or slightly bent in 
a dorsal direction. 

14. C. radiatum (Looss), 1902, p. 129. 

15. C. (riramosum, Yorke and Macfie, 1920, p. 175* 

16. C. elongatum (Looss), 1902, p. 129. H. 

16a. C. elongatum (Looss) var. Kotldni, Ihle, 1920, p. 269 
(= C. elongatum var. macro burs alum, Kotldn, 1920, 

p. 6). H. 

17. C. insigne, Boulenger, 1917, p. 207. H. 

18. C. eebrae, Boulenger, 1920 a, p. 102. 

19. C. adersi, Boulenger, 1920, p. 30. 

20. C. nassatum (Looss), 1902, p. 128. 

20a. C. nassatum (Looss) var. parvum, Yorke and Macfie 
(1918, p. 400). H. 

21. C. leptostomum, Kotlan, 1920, p. 3. H. 

22. C. auriculatum (Looss), 1902, p. 130. 

The 9 of the species last mentioned forms a transition to the 
alveatum-catinatum group by the form of its posterior extremity. 

In this group I now also include C. leptostomum, Kotlin, a 
species about which Kotldn published a description in Hungarian 
only; the author was so kind, however, as to send me a German 
translation. C. leptostomum is closely allied to C. nassatum, from 
which it is distinguished by the posterior extremity of the 9 being 
straight. 


IV. Calicatum group. 

Mouth-capsule mostly cylindrical or trapezium-shaped in optical 
section. Elements of the internal leaf-crown mostly short and 
implanted in the immediate neighbourhood of the anterior margin 
of the mouth-capsule. Posterior end of the 9 - mostly straight. 

23, C. calicatum (Looss), 1902, p. 127. H. 

24. C. minutum, Yorke and Macfie, 1918, p. 405 ( = C. call- 

catum var. minus, Kotlin, 1920, p. 6). H. 
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25. C. longtbursatum , Yorke and Macfie, 1918, p. 4°° 

(= C . calicatiforme , Kotldn, 1919 a, p. 559 = C- nanum, 
Ihle, 1919, p. 720). H. 

26. C. hybridum , Kotldn, 1920, p. 5. 

27. C\ poculatum (Looss), 1902, p. 126, H. 

The last mentioned species differs considerably from C. calicatum 
(e.g., in the bursa, which is closed all round and has a finely 
denticulated border) so that Looss (1902, p. 132) did not group 
them under one head. 


V. Euproctus-bicoronatum group. 

The external leaf-crown mostly consists of numerous slender 
elements; the elements of the internal leaf-crown are extremely 
large. The posterior extremity of the $ is straight. 

28. C. euproctusy Boulenger, 1917, p. 204. H. 

29. C. bicoronatum (Looss), 4 1902, p. 125. H. 

30. C . ihleiy Kotlan, 1921, p. 300. H. 

31. C .'Ultrajectinumy Ihle, 1920a, p. 269; 1921, p. 372. H. 

For the present, some heterogenous elements are taken together 

in this group, characterized by the possession of very large elements 
of the internal leaf-crown. 

C . ihlei is closely allied to the genus Poteriostomum in structure 
of mouth-capstile and leaf-crowns. The fact, however, that the 
bursa copulatrix of this species shows the typical characteristics of 
Cylicostomum and differs from that of Poteriostomuniy supports the 
opinion, shared by Yorke and Macfie (1920, p. 159), that Poterio¬ 
stomum must be considered an independent genus contrary to 
Kotldn’s view (1921, p. 299). 

Formerly, I considered C. ultrajectinum to belong to the 
radiatum-elongatum group, with which it agrees in the thickened 
posterior margin of the mouth-capsule, from which it differs, 
however, in the size of the elements of. the internal leaf-crown. It 
is, however, also considerably different from the other species of the 
euproctus-bicoronatum group in size and number of the elements 
of the external leaf-crown. Yorke and Macfie (1920, p. 162) 
expressed the opinion that C. ultrajectinum might belong to the genus 
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iW trio sternum . It has become evident, however (Ihle, 1921, 
p. 372), that the bursa copulatrix resembles that of the other 
Cylicostomum species in every respect, so that it is certain that this 
species belongs to the genus Cylicostomum . 

VI. Brevicapsulatum group. 

Mouth-capsule extremely short. Posterior extremity of the $ 
straight. 

32. C. brevicapsulatum , Ihle, 1920, p. 562. H. 

33. C. prionodesy Kotlan, 1921, p. 305. 

These two species differ considerably, but they can be grouped 
together for the present. 

VII. Montgomeryi group. 

The dorsal and ventral walls of the mouth-capsule are much 
longer than the lateral walls. 

34. C. montgomeryiy Boulenger, 19200, p. 104. 

I will conclude by describing a new variety of C. labiatum 
(Looss), of which I found a small number of specimens in the large 
intestine of the horse in Holland. 

Cylicostomum labiatum (Looss) var. digitatuvi t nov. var. 

The hew variety agrees in the main (mouth-collar, mouth- 
capsule) with the typical form. 

C? 7 to 8 mm., the immature 9 8 to 8| mm. long. Oesophagus 
345 to 410/u long. The bursa copulatrix has a dorsal lobe, which 
varies in length and is mostly longer than in the typical form. The 
distance from the extremity of D a * to the point of origin of the 
postero-external ray varies from 310/M to 380/u. The posterior part 
of the dermal collar shows the processes occurring in the typical 
form. The chief difference from the typical form is that the new 
variety shows finger-like processes on both sides of the posterior 
part of the genital cone, which are absent in the typical form. The 
number and form of these processes perhaps fluctuate. (In one case 
I counted three on each side.) The posterior extremity of the 9 
is like that of the typical form. The distance from the vulva to the 

# The short stem which the dorsal rays have in common, I name D°, the two main trunks D, 
the side branches, from before backwards, D*, D*, and D*. In Cylicostomum D* forms the 
immediate continuation of D. 
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anas is smaller however (ca. 95#) than in the typical form; the 
distance from the anus to the posterior extremity is 86# to no#. 



Fig. I. Cylicostmum labiatum Fig. 2. Cylicostomumlabiatum Fig. 3. Cylicostomum labiatum 
var. digitatum. Dorsal lobe of the var. digitatum. Processes of the var. digitatum. Posterior extremity 
bursa. genital cone, lateral view. of ferrule, lateral view. 

measured along the axis of the body. The conical end of the body 
is bent somewhat in a ventral direction. 

REFERENCES 

Boulenoer, C. L. (1917). Sclerostome parasites of the horse in England. II: New species 
of the genus Cylicbnostomum. Parasitology. Vol. IX. 

- (1920). Sclerostomes of the donkey in Zanzibar and East Africa. Parasitologyy 

Vol. XIT. 

- (1920 a). On some Nematode parasites of the Zebra. Parasitologyy Voh XII. 

Ihle, J. E. W. (1919)- Cylicostomum rtanumy een nieuwe Strongylide van het paard. Tijd- 
scbrift voor Diergeneeskunde. Dl. 46. 

-(1920). Cylicostomum brcvicapsulatum , n.sp., fine neue Strongylide aus dem Darm 

des Pferdes. Ccntralblatt f. Bakt. Abt. 1. Orig. Bd. LXXXIV. « 

-(1920 a). Bemerkungen fiber die Gattungen Cylicostomum , Poteriostomum und 

Craterostomum. Centralbl.f. Bakt. Abt. 1. Orig. Bd. LXXXV. 

-(1921). Das Mannchen von Cylicostomum ultrajectinum . CentralbL /. Bakt. Abt. t. 

Orig. Bd. LXXXV. 

KotlAn, A. (1919). Beitrag zur Helminthologie Ungarns. T. Neue Sclerostomiden aus 
dem Pferd. Centralbl.f. Bakt. Abt. 1. Orig. Bd. LXXXIII. 

-- (1920V (Hungarian paper). Allatorvosi Lapok 1920. 

-(1921). Two new Cyltcostomum species of the horse. Ann. Trop. Med. & Parasite 

Vol. XIV. 

Leiper, R. T. (1913). A new Cylicostome worm from the horse in London. Vetertn. Joun., 

Vol. LXIX. 

Looss, A. (1902). The Sclerostomidae of horses and donkeys m Egypt. Bee. Egypt. Govern. 

School of Med. t 1901. 

Yoaxi, W., and Macpie, J. W. S. (1918). Strongylidae in horses. I. Cylicostomum longi- 
butsatum, sp.n.; II. C. mtnutum, sp.n.; III. C. nassatnm Looss var. parvum. Ann Trop. 

Med. & Parasit.y Vol. XI. 

--(19*9)* Idem. VI. C. pseudo-catinatum, sp.n. Ibid) Vol. XII. 

-. (1919 a). Idem. VII. C. pateratum ) sp.n. Ibid, Vol. XIII. 

-(1920)* Idem. IX. Cylicostomum tndentatum, sp.n.; X. On the genus 

Poteriostomum (Quiel). XI. Species found in West Africa and Jamaica; XIII* 
Cylicostomum triramosum, sp.n. Ibid, Vol, XIV. 



4®3 


NOTES ON AUSTRALIAN CESTODES 


BY 

P. A. MAPLESTONE 
(Received for publication 17 November , 1921) 

INTRODUCTION 

Whilst on the staff of the Australian Institute of Tropical 
Medicine, Townsville, a systematic examination was made of the 
large collection of Cestodes in the Museum. In addition to a 
considerable number of new species, the description of which will 
appear in subsequent papers, a number of previously described 
worms were found in new hosts. 


I. PREVIOUSLY DESCRIBED CESTODES IN NEW HOSTS 

Cittotaenia tachyglossi, Johnston, 1911 
= Cittotaenia , sp. nov., Nicoll, 1914. 

Nicoll (1914) recorded a new species of Cittotaenia from the 
Echidna, Tackyglossus aculeatus, Shaw, but without furnishing any 
description of it. Detailed re-examination of the same material 
proves it to be Cittotaenia tachyglossi, Johnston, but the dimensions 
are all somewhat greater than Johnston gives in his description, 
notwithstanding the fact that the worms are in an immature state 
similar to those from which the original description is given. 


Diorchis -flavescens (Krefft), Johnston, 1912. 

The original description of this worm was published by Krefft 
(1873), who named it Taenia -flavescens , but H. Johnston (1912) 1 
re-examined Krefft’s material and placed it in the genus Diorchis. 
Up to the present, this cestode has been found in Anas superciliosa, 
Gmel., the Black Duck; Spatula rhynckotis, Lath., the Blue-winged 
Shoveller; Nettion castaneum , Eyton, the Teal; and Ay thy a 



australis , Gould, the White-eyed Duck. A few badly preserved 
fragments of apparently the same species have been found the 
writer in material taken from Dendryocygna arcuata 9 Cuvier, the 
Whistling Duck. 

Ophiotaenia longmani , Johnston, 1916. 

Johnston (1916) originally described this species from the 
snake Aspidotcs ramsayi 9 which was,taken at Yarelba, Western 
Queensland. The same species was recently found by the writer in 
the intestine of Python spilotes var. variegatus 9 Gray, the Carpet 
Snake, which was killed near Townsville, North Queensland. 


Ophiotaenia hylae 9 Johnston, 1912. 

0 + hylae was described by Johnston (1912) 2 with the frog, Hyla 
aurea , as its host, which was captured near Sydney, New South 
Wales. A scolex and several proglottides of this species were found 
in the intestine of D. arcuata, the Whistling Duck, which was shot 
near Townsville. This is strange, as the family Proteocephalidae 9 
to which the above species belongs, has hitherto been recorded only 
in Amphibia, Reptilia, and the dog. The most probable explana¬ 
tion of this occurrence is, that the duck had swallowed a frog 
infected with the cestode, and the frog had been sufficiently digested 
to liberate it into the bird’s intestine, without itself having undergone 
digestive changes up to the time the duck was shot. 


Acanthotaenia gallqrdi, Johnston, 1911. 

\ 

This cestode was originally described by Johnston (1911) 2 
under the name Proteocephalus gallardi , and subsequently placed 
in the genus Acanthotaenia . On this occasion it was found in the 
intestine df Pseudechis porphyriacus , Shaw, the Black Snake. 
Since then it has been recorded by Johnston (1912) 3 as occurring 
in Pseudechis australis , Gray, the Northern Black Snake; Noteckis 
scutatus , Peters, the Tiger Snake; and Denisonia superba 9 Gunth, 
the Copper-headed Snake. To this list of hosts the writer is now 
able td add Dip/adomorphus fuscus y Gray, the Btown Tree Snake, 



a specimen of this snake harbouring this worm being killed near 
Townsville. 


Motiiezia alba, Blanchard, 1891. 

* 

Johnston has recorded the presence of this cestode in Australia 
in sheep in New South Wales, and the writer has recently obtained 
specimens of the same worm from a bullock, slaughtered in 
Townsville, and which came from near Hughenden, Western 
Queensland. This is the first record of this cestode in the above 
host in Australia. 

Tkysanosoma giardi, Stiles, 1893. 

Johnston has noted the occurrence of this worm in sheep in 
New South Wales, but no note of its frequency and distribu¬ 
tion has been given. Over a period of several months, the 
writer has had the opportunity of examining many worms taken 
from sheep in Townsville, and they all proved to be of this species. 
The sheep came from districts representing a wide area in Western 
Queensland, so it seems that it is widely distributed, and very 
common, but as far as could be ascertained from inquiries among 
pastoralists and butchers, it does not give rise to the serious patho¬ 
logical condition among sheep, that it does in other parts of the 
world. 
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NOTES ON AUSTRALIAN CESTODES 


BY 

P. A. MAPLESTONE 

(Received for publication 25 'November , 1921) 

II. ANQULARIA AUSTRALIS, ap. nov. 

# 

This cestode was found in considerable numbers in the intestine 
of a Stone Curlew (Burkinus grallarius , Lath,), shot near Townsville, 
North Queensland. It is probably rather rare, this being the only 
occasion on which it was encountered. 

External Anatomy. 

The worms are very small; the largest individual measured only 
about 3 mm. long; from its appearance the strobila was complete, 
but it had not quite reached full development. The number of 
proglottides in a chain varies between fourteen and twenty (fig. i). 



Fig. 1. A. australis* Appearance of worm as a whole. .X 35. 

On account of its small size, there are no macroscopic characters by 
which it may be recognised, so the following description of the 
appearance as a whole had to be determined under the low power of 
the microscope. 
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Head . The head bears a relatively long, thin rosteHum, which 
was unfortunately broken off in most cases. From base to tip tjie 
rostellum is about 150/1 to 200 p long, and it is about 14 fi thick. It 
arises from a bulbous muscular structure, which lies in a deep fossa. 
It projects directly forwards as a long proboscis-like organ of uniform 
diameter, except at the tip where it expands into a globular enlarge¬ 
ment, about twice the diameter of the stem (figs. 2 and 3). 



A M ft.cU 

Fig. 2. A. australis. H$ad, and Fig. 4. A. australis . Hooks, x 450. 

anterior parti of itrobila. x 70. 

The hooks, which measure about 25 fx 'in length, are arranged in 
a zigzag line which forms four acute angles anteriorly and four acute 
angles posteriorly. Between an anterior and a posterior angle 
there are six or seven hooks* Thus, the total number of hooks is 
forty-eight or fifty-six. Their disposition and shape, are shown in 
figs. 3 and 4. 


The scolex is about as broad as it is long (250/1)- The four 
suckers are relatively large oval structures, with their long axes 
antero-posteiior; they are not exactly oval, being slightly narrower 
anteriorly. They measure about 130/* in length and 60/1 in breadth, 
and their lips are provided with cuticular expansions, which project 
beyond the surface of the scolex (fig. 2). 

Segments. For about the anterior half of the strobila the 
segments are quite narrow and rudimentary, the only change being 
a slight increase in length. But from about the mid-point of 
the strobila, the proglottides rapidly increase in size, and the 
reproductive organs reach complete maturity in the course of three 
or four segments. There are only three or four mature segments in 
each strobila, the genitalia undergoing a sudden atrophy when the 
uterus begins to develop, so that the two or three terminal segments 
contain, beside the uterus, only remnants of the reproductive organs 

(fig- 0- 

The shape of individual segments is somewhat uncommon. 
Each one is like a truncated cone with the narrow end anterior, and 
the sides, which are concave in the anterior immature proglottides, 
become slightly convex in the posterior mature and gravid segments. 
The posterior surface of each proglottis is oval and slightly 
depressed in the centre, and into the middle of this depression the 
narrow anterior margin of the succeeding segment fits; the result of 
this is that the posterior borders project all round beyond the 
anterior portion of the following proglottis. There is no neck, but 
posteriorly the scolex narrows considerably to pass directly into the 
segmented chain. The first two or three proglottides are distinctly 
broader than long, and the next three or four increase in length 
but not in breadth, so that the sixth or seventh segment is longer 
than broad. Mature and gravid segments are slightly broader 
than long, their dimensions are about 160 n antero-posteriorly, 
270 /i across the anterior, and 4600 across the posterior borders 
respectively. But these dimensions are only approximate, on account • 
of the rapid development of the worm. The terminal segment is 
nearly globular, with an invaginated pore at its posterior end. 
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Internal Anatomy. 

Muscular system. The muscle layers are not conspicuous, and 
as sections were not cut, their detailed arrangement cannot be given. 

Nervous system. The nervous system was not investigated. 

Excretory system. The excretory canals, of which only a single 
one could be seen on each side, lie well towards the lateral borders, 
and pass ventral to the cirrus pouch and vagina. 

Genitalia. Testes. The testes are arranged in the two lateral 
fields of the medulla with the female organs between them. They 
number about twenty in each segment, and there are usually one or 
two testes more on the aporal than on the poral side. They lie 
towards the posterior part of the segment on each side of the ovary 
(fig. 5). The cirrus pouch is relatively long and runs slightly 



AM.Q,dU. 


Fio. 5. A. australis . Mature segments, e.v., excretory vessel; c.p., cirrus pouch; 
c., cirrusj t., testes$ v.d., vas deferensj r.s., receptaculum semints j 0., ovary j v.g., vitelline 
gland j v., vagina. X 90. v 


anteriorly towards the median line. The genital pores are situated 
about the centre of the lateral border, and are regularly alternating 
in most cases, but in one or two specimens there were three openings 
in succession on the same side, which was the greatest irregularity 
observed. There is no external seminal vesicle, but the vas deferens 
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is thrown into many coils in front of the ovary, before it enters the 
base of the cirrus pouch (fig. 5). 

The cirrus is a long tubular structure, and in the one instance 
observed, where it was extruded, it measured 120/u long and 
l8/» thick. It is thickly covered with spines, and has a slightly 
swollen tip. 

Ovary. The ovary lies in the median axis towards the posterior 
part erf the proglottides. It is a compact, oval body; its long axis 
is transverse, measuring about 75 p (fig. 5). 

ViteUine glands. The vitellarium is small and lies transversely 
behind the ovary, at the extreme posterior part of the segment; in 
full development it measures about 40/1 long (fig. 5). The ovary 
and vitelline glands disappear very suddenly, being apparently in 
full development in one segment, and almost totally absent in the 
succeeding one. 

Vagina. The vagina is a narrow tube running posterior to 
the cirrus pouch. It expands in front of the ovary into a small 
receptaculum seminis. Details of the shell gland could not be 
made out. 

Uterus and eggs. The uterus was not fully developed, and its 
mature characters cannot be detailed, but it had the appearance 
of an irregular sac loosely packed with eggs, and is only visible 
in at most the three terminal segments. No free eggs were seen, 
consequently their size is not known. 

Diagnosis. 

This interesting cestode closely resembles Angularia beema, 
Clerc (1906), but differs from the latter in the following points:— 
(1) Its smaller size (A. beema measures 45 mm. long), and (2) the 
presence of cuticular expansions on the suckers (absent in A. beema). 
It is, therefore, proposed to name this species Angularia australis. 

The discovery of this cestode is of considerable interest, because 
the only other member of this genus hitherto described is A. beema, 
which, according to Liihe (1910), is very restricted in its distribution, 
only having been recorded from Russia. 

Type specimens of this new species are in the Museum of the 
Liverpool School of Tropical Medicine. 

The genus Angularia, Clerc (1906), resembles closely the genus 
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Gyrocoelia 9 Fiihrmann (1899), so far as the head is concerned. 
Apparently, Linstow’s genus Brochocephalus (1906) is a synonym of 
Fuhrmann’s Gyrocoelia. The points in which the two genera differ 
may be summarised as follows: — 


Angularia . 

Vagina present. 

Testes 20 to 25. 

Uterus without dorsal and 
ventral pores. 


Gyrocoelia . 

No vagina. 

Testes few. 

Uterus ring-like, opening by 
a pore dorsally and ven- 
trally in gravid segments. 
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NOTES ON ULCERATIVE GRANULOMA 

BY 

P. A. MAPLESTONE 

(Liverpool School of Tropical Medicine) 

(Received for publication 17 November , 1921) 

The following notes on cases of Granuloma among Australian 
aborigines may be of interest, as they present some rather unusual 
features. The patients were treated at the Australian Institute of 
Tropical Medicine, Townsville. 

CASE i. Male, aet. about 50. The disease was first noticed 
about two years before admission to hospital; it began on the usual 
site, viz., the penis, and spread slowly and continuously. After this 
lesion had existed for some months, an ulcer appeared under the 
chin in the fold of the neck. 

When first examined, the case presented the following 
appearance. The ulcer, which began on the penis, had spread until 
it reached from one anterior superior iliac spine to the other, and 
the penis itself had sloughed completely away, leaving the urethra 
to open in the middle of the ulcerated surface. The ulcer on the 
neck was about one and a half inches wide, and extended across 
under the chin, from one angle of the jaw to the other, the sub¬ 
maxillary lymphatic glands on both sides were considerably swollen, 
with consequent difficulty in opening the mouth. 

The two lesions were similar in appearance, having clear-cut 
edges and shallow bases; they did not exhibit any granulomatous • 
masses on their surfaces. Diagnosis in both ulcers was established 
by the discovery in them of the bodies described in Ulcerating 
Granuloma by Aragao and Vianna (1913). 

This case presented the uncommon condition of a secondary 
focus of disease at a site distant from the primary, whither it had 
been most likely carried by the patient’s hands. 

CASE 2. Female, aet, 22. About three months prior to 
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admission to hospital the woman noticed a small nodule on the 
inner surface of the right upper lip; the nodule soon ulcerated, and 
the swelling and ulceration spread fairly rapidly. When first seen, 
there was a swelling of considerable size, which extended from the 
right upper lip, over about the anterior half of the inner side of the 
right cheek; there was more tumefaction and less ulceration than is 
generally seen in genital granuloma of the same duration. Smears 
made from scrapings of this growth were found to contain very 
numerous organisms, similar to those found in Case I. 



Typical infected large mononuclear cell from Cate 2. X 1125. 


There was no sign of a lesion in the genital region, so the case 
is apparently one of primary infection in a most unusual position. 

CASES 3 and 4. These were both young native women. They 
both had small typical granulomatous lesions on the vulva, which 
they stated had only been present for two or three weeks. On 
examining the hospital records, it was found that both thesd women 
had been treated for similar conditions previously, and that one 
had been discharged fourteen months and the other fifteen months 
previously, both being apparently cured. A further striking fact, 
was that on the second occasion the lesions were on exactly the 
same site as on the first occasion, in both cases. 

These two may be cases of reinfection after cure, but the 
similarity in time of the second manifestation of the disease, coupled 
with the fact that the lesions are both in exactly the same place as 
on the first occasion, makes it appear that they are recurrences after 
apparent cure. 


TREATMENT 


The routine treatment adopted in all cases was the application 
of a simple, non-irritant, antiseptic dressing to the lesions, and the 
intravenous administration of tartar emetic; I grain in io c.c. of 
normal saline twice weekly. Larger doses were unnecessary, 
improvement being observed after the first or second injection, and 
healing continued without signs of relapse during the course of 
treatment. The time required for complete disappearance of the 
lesions was proportionate to the extent of the ulceration present; 
e.g., the first case cited above, with two large ulcers, took about 
three months to heal, whereas Case 2, with a small amount of 
ulceration, healed in about a month. 

On account of the tendency of the disease to recur, five or six 
injections were given after the ulcer had quite healed. 
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INTRODUCTION 

During investigations which entailed the breeding and rearing 
of the three species of British Anophelinae at the War Office 
Laboratory at Sandwich, Kent, in the summer of 1919, I noticed the 
quite different appearances-between the eggs of Anopheles maculi- 
pennis, A. bifurcatus, and A. plumbeus, perceptible even to the 
unaided eye. 

There are numerous illustrations of Anopheline ova in the English 
mosquito literature, but I have seen none indicating the markings on 
the dorsal surface of the ova of A. maculipennis which make it so 
easy a matter to identify the ova of this species from those of 
A. bifurcatus. 
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CERTAIN CHARACTERS OP MOSQUITO OVA 

The eggs of mosquitoes, although showing much difference in 
form among the various species, nevertheless have certain characters 
that are uniform. Generally they are elongated, roughly cigar¬ 
shaped, or oval objects. The living elements in the eggs of insects 
are protected by three separate external coats: (i) a delicate 
innermost coat termed the vitelline membrane; (2) the hard, shell-like 
materia] termed the chorion; and (3) a thin outermost membrane 
which I shall refer to as the enveloping membrane. 

All mosquito ova have the egg-shell proper (chorion) covered or 
partially covered with the delicate semi-transparent and water-proof 
enveloping membrane. 

This membrane envelopes the egg but is not closely adherent 
to the shell, a layer of air often existing between the shell and 
membrane.* Eggs may be easily freed from the membrane by means 
of pressure with the point of a blunt needle, or by boiling the eggs 
in water for a moment or two. This membrane may either conform 
to the surface of the egg and lie so close to the egg-shell as to be 
only visible when special methods are adopted to demonstrate its 
presence, or it may, by being ‘ballooned’, form structures around 
the egg. Such structures are seen in the ‘ floats ’ of Anopheline ova. 

The eggs of mosquitoes may be divided into two classes: (1) those 
that are laid on the water singly, and (2) those that are laid so that 
the eggs are adherent to each other and float in the form of a raft. 
In the case of the single eggs these float with their length parallel 
to the water-surface, and in the case of the raft-eggs they float in a 
vertical position. 

In both classes the individual eggs often have a higher specific 
gravity than water, and consequently not being particularly buoyant, 
if submerged and the adherent air detached, they sink to the 
bottom. The membrane, owing to its Vater-proof properties, acts 
as an attachment to the water surface film, causing the egg to float 
as a dry sewing needle may float when it is placed so gently upon 

the water that the surface tension of the film is not overcome by the 
weight of the needle. Naturally, the substance of the egg weighs 
far less than a proportionate bulk of steel, and the stability of the 


According to NichoUon the membnne hu « higUr.pecuK.ed etUcbmeat to the chorion. 
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egg at the surface is thus far greater even in those eggs unprovided 
with floats. 

Nature has apparently recognised that in certain species a greater 
stability is needed than that afforded to single floating eggs and 
has developed the plan either of massing the eggs together to form 
a boat-shaped raft, or by ballooning the enveloping membrane in the 
single eggs to form the so-called ‘ floats ’ so commonly found among 
the ova of the Anophelinae. The ‘ floats,’ however, do not act to 
any great extent as true floats giving buoyancy to the eggs, but 
support them on the surface film securely by presenting a larger area 
on which the weight of the eggs may be distributed against the 
surface tension. This fact may be demonstrated by forcibly 
submerging the eggs, when it will be found that they will either sink 
or very slowly rise to the surface, generally failing to regain their 
original position. Mosquito eggs that are laid in raft-formation are 
almost impossible to submerge without breaking up the raft form 
and detaching the eggs separately, on account of the air cells formed 
between the adjacent sides of the eggs. All mosquito eggs are 
submerged with difficulty, but submersion can be accomplished with 
the aid of a fine camel’s hair brush by simply pressing on the eggs 
with the brush until each egg is driven below the water surface. 


THE OVA OF ANOPHBLBS MACVUPBNN1S 

The average dimensions of the ova of A. maculipennis are, 
length 0'75 mm., breadth across the widest part of the float 
0’27 inm. Eggs from different batches vary in their dimensions 
slightly, but the average variation is remarkably small. When the 
eggs are viewed from above while they are floating normally on the 
water it will be seen that the longitudinal outline of the dorsal surface 
is roughly cigar-shaped and the floats which lie on each side give 
the egg a slightly waisted appearance. The dorsal surface is 
comparatively flattened, while the lower or ventral surface oi the 
egg is evenly rounded. One end of the egg is distinctly blunter 
and broader than the other. On the ventral side, just below the 
extremity of the broader end, the micropyle is situated, and it is 
from the broader end that the larva emerges. The floats are placed 
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on either side of the egg almost at the middle point, thoiigh they 
are actually a little nearer the more pointed end and extend for 
rather more than a third of the egg’s total length. 

The float membrane is finely striated transversely, but the 
striations do not indicate septa dividing the floats into compart¬ 
ments. The membrane which forms the float is superimposed upon 
the main enveloping membrane, being attached to the main envelope 
only along the ventro-lateral edges. This separate sheet of 
membrane which forms the float is ballooned outwards and curved 
upwards until it touches the dorso-lateral surface of the egg, to 
which, however, it is not adherent. 

By submerging an egg it can be viewed from several aspects. 
Laid on its side it presents the outline shown in Plate XXII, 
fig- 1 (^)> and upside down it has the outline shown in fig. I (c). 
It will be noticed that the under surface of the egg is somewhat 
boat-shaped and draughts progressively less towards the extremities 
of the egg; also that the enveloping membrane on the under surface 
of the egg shows hexagonal markings. The enveloping membrane 
embraces the egg completely except at the micropyle, where a small, 
round, black area is visible on the under surface of the blunter end 
of the egg. When the upper surface of the egg of A. maculipennis 
is examined it will be seen that the enveloping membrane spreads 
out in areas of unequal thickness, presenting, in consequence, dark 
and light markings as shown in fig. I (a). In these markings I find 
a very easy method of distinguishing the eggs of A. maculipennis 
from those of A. bifurcatus (compare figs, i (a) and 2 {a)). 

The markings are easily seen with a hand lens x 6, ahd to the 
unaided eye give the eggs of A. maculipennis an ash-grey hue, 
whereas the eggs of A. bifurcatus, having no mottled markings cm 
the dorsal surface, appear almost black in colour. The advantage 
of being able to distinguish the eggs of these two species from each 
other is considerable, especially when the species are being bred in 
the laboratory. Only one cage need be used, in which both species 
may be kept together; and oviposition may be allowed to take place 
in the same dish. The ova are then easily separated. 
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THE OVA OF ANOPHELES BIFURCATUS 


Average length 0*61 mm.; breadth across the widest part of the 
float 0*19 mm. In general outline and structure the ova of 
A. bifurcatus closely resemble those of A. maculipennis , but the 
enveloping membrane which cradles the egg to the water line does 
not extend over the dorsal surface, and the dense black egg-shell is 
naked. The floats in this species overlap the lateral edges of the 
egg and give it a distinctly waisted appearance between the floats; 
moreover, the floats are often of unequal size, and asymmetrical. 
The two ends of the egg taper to a nearly equal degree, and the 
curvature of the ventral surface is greater than in the case of the 
eggs of A . maculipennis , causing the ends of the eggs to be more 
conspicuously upturned. 

THE OVA OF ANOPHELES PLUMBEUS 

The average measurements are, length 0*56 mm.; greatest 
breadth 017 mm. It has been found that to get A. plumbeus to 
tolerate laboratory conditions is far more difficult than with 
A . maculipennis and A. bifurcatus . It was only after numerous 
attempts that I finally succeeded in getting ‘wild* specimens to 
oviposit in the laboratory. These specimens were captured in 
Epping Forest by exposing ourselves to attack and allowing the 
mosquitoes to feed. When replete, the mosquitoes were secured by 
placing a glass tube over them as they rested upon the skin of the 
arm. They were then transferred to the laboratory and placed 
in large insect cages containing an almost moisture-saturated 
atmosphere at a temperature of 30° C. Porcelain photographic 
developing dishes containing the water from beech tree-holes on 
which a few dead beech leaves floated were placed in the cages. 

Four or five days afterwards the ova of this species were found 
floating on the water contained in one of the dishes. Owing to the 
colour of the tree-hole water and the form of the eggs they were 
exceedingly difficult to see, and when viewed as they floated on the 
deep brown-coloured water the ‘ floats ’ were quite invisible. The 
eggs were carefully transferred to clean tap-water, and were then 
seen to be particularly beautiful objects (Plate XXII, fig. 3). 

Unlike the ova of A. maculipennis and A. bifurcatus , the ova of 



A. plumbeus are somewhat like the ‘ diamonds' of playing cards in 
outline, and are completely surrounded by the floats. The eggs are 
more pointed at the ends, both ends being alike, and bend 
slightly upwards. The central part of the upper surface is also 
raised, and the lower surface is evenly rounded. 

It will readily be seen from the illustrations accompanying 
this paper that the ova of A. maculipennis, A. bifurcatus, and 
A. plumbeus are so conspicuously different from each other that the 
differences afford an effective means of identifying the species. 

FACTS CONNECTED WITH OVIPOSITION 

Anopheles maculipennis. 

There is no difficulty in getting the females of this species to 
oviposit in the laboratory. Specimens captured in pigsties and 
placed in a large insect cage in the laboratory live well, and will lay 
several batches of eggs if a guinea-pig is placed in the cage overnight 
two days after the first and subsequent batches of eggs are laid. 
The eggs are always laid during the hours of darkness; most often, 
I think, in the early morning hours before sunrise. I have once 
obtained a batch of ova at 12 o’clock noon by placing the cage in 
a dark room. 

The eggs when first laid are white, but they usually darken 
rapidly. Sometimes individual eggs in a batch will, however, 
remain white and fail to hatch, due, I think, to non-fertilisation. 
This condition is most readily seen in the ova of females that have 
been kept in the laboratory for some time and have laid* numerous 
batches of eggs, and it is probably to be explained by a diminished 
supply of spermatozoa in the spermathecae. 

The average batch of eggs laid by A. maculipennis in the 
laboratory has been found to be about one hundred and fifty. 

Anopheles bifurcalus. 

The eggs of this species are more difficult to obtain, for two 
reasons. Firstly, the adults are only numerous in many localities 
between the months of March and the end of May; and secondly, 
while I have found it easy to get oviposition to take place in the 
laboratory in the early months, of the year, yet specimens captured 
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with difficulty after the end ol May and placed under similar 
conditions cannot be induced to lay, even after they have fed and 
the ovarian eggs are fully developed. Differences in atmospheric 
temperature seem to account for this, as I find that as soon as the 
weather becomes cooler in the autumn and the mosquitoes become 
more numerous again, the females will readily oviposit. The 
average batch of eggs from A. bifurcatus in the laboratory has been 
found to be smaller than that of A. maculipennis, comprising about 
one hundred and twenty. 

Anopheles plumbeus. 

This species has been the most difficult from which to obtain ova. 
As mentioned previously, repeated attempts had to be made with 
fed specimens captured in Epping Forest before I was finally 
successful. So far, I have only managed to obtain three batches at 
different times from two females. In each case the batch was quite 
small, consisting of from fifteen to twenty-one ova. 

With one of the females the second batch was laid a day later 
than the first, and this is probably a usual practice with the 
species to avoid overstocking any one breeding-place, since the 
majority of tree-holes have only a small water-holding capacity, and 
comparatively few larvae are to be found in each. 

I have recently extended my observations to the ova of the 
British culicine mosquitoes, and find that in the ova of the species 
that I have so far examined there j,re remarkable specific differences 
sufficiently marked to be seen with the aid of a hand lens x 6, and 
to enable the identification of the species to be easily made. On this 
subject a further publication will be made shortly. 

Probably owing to the difficulty in getting the majority of the 
species of mosquitoes to oviposit under laboratory conditions, there 
is a distinct scarcity of information on the specific differences in the 
ova. Most of the work on the biology of a species in the existing 
literature begins with descriptions of the larvae in the first instar, 
and ends with descriptions of the adult and its life history. The 
egg stage is, nevertheless, quite as important as any of the life 
stages—in many ways, from a practical point of view, a particularly 
important stage. Nuttall and Shipley (1901 and 1903), James and 
Liston (1911), and Howard, Dyar and Knab (1919) are noteworthy 
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in having given special attention to the description of certain 
Anopheline ova, but considering how numerous are the species of 
the Culicidae, it may be said that study and description of their ova 
has been almost neglected. 
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EXPLANATION OF PLATE XXII 


Fig. i. Ova of Anopheles tnactUtpennts : (a) dorsal, (b) lateral, 
(e) ventral aspects of ova. 

Fig. 2 . Ova of Anopheles bifurcatus. ( a ) dorsal, (b) lateral, 
(r) ventral aspects of ova. 

Fig. 3. Ova of Anopheles plumbeus • ( a ) dorsal, (b) lateral, 
(c) ventral aspects of ova. 
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THE TRYPANOCIDAL EFFECT OF 
PHENYLGLYCINE AMIDO ARSENATE 
PF SODIUM ON T. BRUCEI IN RATS 
AND T. RHODESIENSE IN MICE 


BY 

S. ADLER, M.B. 

{Received for publication 23 November , 1921) 

This drug* is a white amorphous powder readily soluble m 
distilled water, and yielding in 5 and 10 per cent, concentration 
a perfectly clear, colourless solution. On standing, however, for 
some days, a yellow colour develops, whether the solution is kept 
exposed to light or in the dark. A 5 per cent, solution when 
exposed to light became yellow in seven days; when kept in the 
dark, in six days. Daily sterilizing for ten minutes did not prevent 
the development of the yellow colour, but rather accelerated it. 

Rats. Minimum lethal dose. In Table I are set out the experi¬ 
ments performed in order to ascertain the minimum lethal dose for 
rats; in all cases the drug was used in a freshly prepared solution of 
5 or 10 per cent., and was injected mtraperitoneally; it produced 
no irritation. Healthy and infected animals were used in this 
experiment. 

It will be seen from the table that no dose was toxic to the 
animals injected until the amount of 1 2 gms. per kilo was attained. 

Relationship of Toxictty to age and change of colour of solutions. 

The number of experiments bearing on this point is rather 
limited, but serves to show that the toxicity increases on standing, 
e.g., although the minimum lethal dose of freshly prepared solution 
for rats proved to be ra gms. per kilo body weight, an animal 
which was injected with o' 18 gms. per kilo of a twenty-four hour 
old solution followed on the next day by a dose of 0*36 gm. per 
kilo of a forty-eight hour old solution, died after severe symptoms 
of poisoning on the sixth day after the second injection. In the 


Kindi/ put at our disposal by Messrs. May & Baker, Ltd*, Battersea, London. 
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Table I. 

Showing the minimal lethal doit for rats. 


No. of 
Experiment 

Dote in gins., per kilo 

Infected or healthy 

Remarks 

i 

o *33 

Healthy 

No toxic effects 

z 

0*46 

Healthy 

No toxic effects 

3 

°*43 

Healthy 

No toxic effects 

4 

0*67 

Infected 

No toxic effects 

5 

o*68 

Infected 

No toxic effects 

6 

°7 

Infected 

No toxic effects 

: 

7 

071 

Healthy 

No toxic effects 

8 

07? 

Infected 

No toxic effects 

9 

0*82 

Infected 

No toxic effects 

IO 

0*90 

Infected 

« 

No toxic effects 

II 

1*0 

Healthy 

No toxic effects 

I2r 

ri 

Healthy 

No toxic effects 

*3 

1*2 

Infected ( 

1 

Animal died in 22 hours 

- H 

1*4 

Healthy 

Died on 4th day 
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above solution, although highly toxic, no change in colour was 
evident. Further experiments proved that in still older solutions 
the toxicity diminished, e.g., on the eleventh day, when the 
solution was deeply yellow, three animals were each given a dose, 
approximately equal to the combined doses given above, without 
producing any symptoms. The first of these three animals was 
injected with a solution which had been kept in the daylight and 
boiled each day for ten minutes, the loss from evaporation being 
made up by addition of distilled water to the original volume before 
injection. The second was injected with a solution which was 
unboiled and kept in daylight; the third with solution unboiled and 
kept in the dark. 

The increase in toxicity which was evident in the forty-eight hour 
old solution, was accompanied by a definite increase in trypanocidal 
power, for after injection of 036 gm. per kilo, trypanosomes 
disappeared from the peripheral blood within twenty hours," and 
were absent from the blood until the time of death. Examination 
for trypanosomes of the organs by smears proved negative, as did 
also the injection of emulsion of organs and blood into healthy rats. 
A similar sterilizing effect could only be produced by much larger 
doses of the freshly prepared drug, e.g., a dose of 0 67 gms. per kilo 
in freshly prepared solution injected into a rat at approximately 
the same stage of infection as the previous one, only caused the 
disappearance of the parasites from the peripheral blood in forty- 
eight hours, and did not prevent their re-appearance twenty-four 
hours later. 

Toxic effects of freshly prepared solutions. 

No toxic effect was observed below the dose of V 2 gms. per 
kilo; a heavily infected animal died within twenty-four hours of 
receiving this dose. The signs of poisoning noted before death 
were blindness and refusal to take food. No gross haemorrhages 
were found after death, but the whole intestinal tract showed 
numerous minute haemorrhages. No trypanosomes were found in 
the peripheral blood, either immediately before or after death. 

2 oxic effects of old solutions . 

Toxic effects were noted after a dose of 0 36 gm. per kilo, 
but not until four days had elapsed. On the fifth day the 
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animal appeared ill, lying curled up, breathing irregularly and 
spasmodically, it refused food, was blind, and staggered in its gait 
when moved. Haemorrhages were observed from the conjunctiva, 
anus and urethra. Post-mortem, the whole intestinal tract was 
found to be haemorrhagic, the liver was enlarged and soft, and 
showed yellow mottling; the kidneys were very soft, but not 
enlarged nor dark in colour; the spleen showed yellowish patches. 

Minimum curative dose. 

In Table II are set out the experiments performed in order to 
demonstrate the minimum curative dose in rats. 


TABir IT. 

Shewing effect on tats infected with 7 . brucei . 


Experi¬ 

ment 

Trypanosomes 
per field. 
Ocular 4, 

Obj. i 

Dose in gms., 
per kilo 

Day of 

disappearance of 
trypanosomes 
from peripheral 
blood 

Day of 

re-appearance 

Remark* 

i 

40 

0*33 

1 

5 


2 


0*67 

* 

3 


3 

Swarming 

o*68 

1 

2 

■ 

4 

Swarming 

°*7 

1 


BS 

5 

36 

075 

1 

1 

... 

No relapse 
after 

7 months 

6 

14 

0’82 

1 


No relapse 
after 

7 months 

7 

*5 

0*91 

I 

1 


No relapse 
after 

7 months 

8 

Swarming 

1*2 

... 

• • • 

Died in 22 
hours. No. 
trypano¬ 
somes 

Control 

Swarming 

0*17 

(atoxyl) 


>7 

... 


It will be seen from the above table that while the atoxyl control 
animal was rendered free from trypanosomes in its peripheral blood 
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Tabu III. 

Showing effect on mice infected with T, rbodestente . 


Experi¬ 

ment 

Trypanosomes 
per field. 
Ocular 4, 
Obj.J 

Dose in gms^ 
per kilo 

Day of 

disappearance of 
trypanosomes 
from peripheral 
blood 

Day of 

re-appearance 

Remarks 

i 


°*5 

2 

4 

... 

, 

2 

Swarming 

o*6 

2 

6 ; 

... 

3 

Swarming 

o *74 

2 

5 

... 

4 

Numerous 

0*83 

■■ 

8 

... 

5 

Numerous 

0*9 

2 

5 

... 

6 

Swarming 

0*9 

1 

4 

... 

7 

Numerous 

ro 

2 

5 

... 

8 

Swarming 

i*i 

2 

... 

Alive and well 

5 months 
later 

9 

Numerous 

1*25 

2 

4 

... 

10 

Numerous 

i*6 

1 

6 

... 

ii 

! 

Numerous 

| 

*•0 

1 

12 

... 

12 

Swarming 


2 

7 

... 








*3 


Control 


Died after 
3 days 






































by 017 gms. atoxyl per kilo, but relapsed in seventeen days, the 
experimental animals were rendered free from trypanosomes when a 
dose of 07 gms. per kilo of phenylglycine amido arsenate of sodium 
was reached, and did not relapse. 

Action in Vitro. 

No trypanocidal action in vitro was observed, either by the drug 
itself or by the serum of animals, twenty-four hours after they had 
been rendered free from trypanosomes by injection of the drug. 

Mice. Minimum Lethal Dose. 

In Table III are set out the experiments performed in order to 
demonstrate the minimum lethal dose for mice and the effect on 
T. rhodesiense. 

It will be seen from the table that the minimum lethal dose was 
3 gms. per kilo; the effect on the trypanosomes was negligible up 
to a dose of 2'5 gms. per kilo, only one animal failing to relapse. 

SUMMARY 

Phenylglycine amido arsenate of sodium can be used in freshly 
prepared solutions in distilled water for intraperitoneal injection 
into rats and mice; the solutions on standing become toxic, and later 
become yellow in colour. 

For rats, the minimum lethal dose of the freshly prepared drug 
proved to be l ‘2 gm. per kilo of body weight. 

For rats infected with T. brucei, the minimum curative dose is 
07 gm. per kilo of body weight. 

In vitro the drug has no appreciable action on trypanosomes, nor 
has the blood of treated animals immediately (twenty-four hours) 
after becoming trypanosome-free. 

The drug has no curative effect on mice infected with 
T. rhodesiense. 

A remarkable feature of this drug is its relatively high minimum 
lethal dose. Although the drug contains 26 per cent, arsenic, the 
minimum lethal dose was found to be V 2 gms. per kilo for rats and 
3 gms. for mice. 

I am indebted to Professor Blacklock for carrying out the 
necessary inoculations for the experiments. 



433 


NOTE ON BISMUTH AS A TRYPANOCIDE 

BY 

S. ADLER, M.B. 

(Received for publication 23 November , 1921) 

The effect of bismuth in the form of soluble bismuth sodium 
tartrate in solutions of various strengths was tried on animals infected 
with T. rhodesiense and T . brucei (Nagana ferox) respectively. 

Using this drug, the minimum lethal dose for healthy mice was 
found to be 0*047 grammes of bismuth, and for healthy guinea-pigs 
0*062 grammes of bismuth per kilo body weight. 

In animals which died after injection of bismuth sodium tartrate 
deposits of bismuth were found in all cases in the liver, frequently 
in the spleen, and less frequently in the kidneys. 

T. rhodesiense . 

The minimal lethal dose cleared the blood of trypanosomes in a 
mouse within twenty-four hours, but the animal died in two days. 
Any dose below this failed to clear the blood of trypanosomes. 


T. brucei (Nagana ferox). 

Although the drug cleared the blood of trypanosomes in guinea- 
pigs, yet relapses occurred in a few days, thus : — 


Dose per kilo, body weight 

Injected 

1 Trypanosomes re-appeared 

1 

o*oi8 

i 

20.4.21 

28.4.21 

0*022 

j 26.4.21 

! 2.5.A I 

0*024 

9.5.21 

18.5.21 

0*032 

9.<;.2i 

21.5.21 


I _L 


In no case was a cure obtained. 

1 am indebted to Professor Blacklock for carrying out the 
necessary inoculations for these experiments. 
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MALARIA ON A VENEZUELAN 
OILFIELD 


BY 

J. W. W. STEPHENS, M.D., F.R.S. 

(Received for publication 5 December, 1921) 

PLATES XXIII AND XXIV 

The oilfield is situated on the eastern side of Lake Maracaibo, 
Venezuela, about 80 miles from the head of the lake, and 10 miles 
inland from its shores. The following observations were made in 
the month of August, 1921. 

MALARIA IN THE NATIVE POPULATION 


The extent to which malaria prevailed in the native population 
of various villages in the district is shown in the following table: — 


Age Period. 

0—10 

1 

II— 20 

| 21— 


No. 

exam. 

Percentage 

infected 

No. 

exam. 

Percentage 

infected 

1 

j No. 
exam. 

Percentage 

infected 

Old Village 

... 

10 

10 

8 

12*5 

0 

— 

New Village 

... 

32 

46*8 

39 

23-0 

49 

8-i 

San Pedro. 

... 

9 

666 

6 

0*0 

1 

0*0 

Los Barrosos 

... 

9 

0*0 

9 

0*0 

0 

— 

San Timoteo 

... 

27 

37 

4 

0*0 

0 

— 


The relationship of malaria in the Old Village and New 
Village respectively to malaria among the white employees on 
the oilfield 'we shall discuss later. The other three villages were 
not in the immediate neighbourhood of the oilfield, but it may be 
pointed out here that the absence of infection in Los Barrosos was 
probably due to the fact that anophelines were only found at a 
distance of half a mile, and then only in one small clay-pit about 
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12 feet square. San Timoteo is a village built on piles over Lake 
Maracaibo. Its low endemic index, 37 in' children under ten, is 
thus probably due to its position over the lake and to the fact that 
only one small anopheline larva was found after prolonged search on 
the mainland. San Pedro is four or five miles from the oilfield, and 
its high rate is probably due to its being situated close to extensive 
anopheline swamps. 

SPECIES OF PARASITES FOUND 

In over two hundred blood specimens examined, malignant 
tertian malaria (crescents) was only found twice, simple tertian and 
quartan parasites were about equally common, a peculiarity of 
infection which I had not previously seen in Africa or India. The 
frequency with which pigmented leucocytes were observed in the 
‘ positive ’ films was a noteworthy feature. 


MALARIA AMONG THE WHITE STAFF 

No precise information was forthcoming as to the nature of the 
sickness among the white employees (about thirty in number). An 
examination of the blood of sixteen employees in apparent good 
health revealed nothing. In the case of one employee suffering 
from fever, simple tertian parasites were found. In the absence of 
definite records, one had therefore to assume that the sickness 
prevalent among the staff was due to malaria. 


POSITION OF THE STAFF HOUSES 

They are situated (vide Map), (1) on two ridges a few hundred 
yards from the first source of Anopheles, viz., the small anopheles 
swamp in the Asphalte creek, the houses on the easterly ridge actually 
overlooking the swamp. (2) From the second source of Anopheles 
the ‘ Anopheles Swamp ’ which begins due west and even north-west 
of the New Village, they are situated less than half a mile. (3) They 
are situated less than a quarter of a mile from a source of malaria 
infection, the Old Village, and (4) since the year 1920 half a mile 
from a second source of infection, the New Village. 

We have here then an example of the conditions so frequently 
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founds in the tropics, namely, native villages and a source of 
Amofheles in close proximity to a white population, and here, as 
elsewhere, the conditions would completely explain the existence 
of malaria among the white employees. 

THE ANOPHELINES 

The district under investigation can be divided into four 
areas:— 

A. The Jungle. 

B. The cleared area. 

C. The residential and Old Village area. 

D. The New Village area. 

The relative positions of these will be seen on the map. 

Area A. The Jungle. 

Numerous examinations were made of all discoverable water in 
the jungle so far as it was penetrable. In many cases, pools and 
streams and * tatucales,’* apparently favourable breeding-places, 
were examined with negative result, often, no doubt, due to the 
presence of abundance of small fish (in some cases due to a covering 
of Lemma (duckweed). In other cases, however, jungle pools were 
‘ Culex' positive. 

One interesting example was encountered, viz., that of a borrow- 
pit, where the snouts of dozens of small fish could be seen voraciously 
hunting the surface for food, and yet 'Culex' larvae in abundance 
were found in the protecting weed and rubbish at the sides, but 
none away from there. 

Again where the jungle was apparently dry over large area3, 
yet ‘ Culex' was present and bit freely in the daytime when one stood 
still. 

Anopheles (mosquitoes or larva) was, then, absent from the 
jungle at least in August, and mosquitoes caught in the jungle at 
long distances from the oilfield were invariably 'Culex.' 

Area B. The Cleared Area. 

Here mid there a few 'Culex' breeding-grounds were found, 
generally in small numbers. A swamp a hundred yards or so long, 

• Tatucales: Diminutive islands or mounds intersected by water, and in which progress could 
only be made by a series of jumps. 
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passing in front of the native mechanics’ quarters i to 0 and dose to 
the next area, is of interest in that repeated search showed it to be 
Anopheles negative, but it contained a small * Culex ’ area near its 
origin. It had been already partly, but incompletely drained, and 
fish abounded. 

Area C. Staff Houses Area. 

The Staff Houses arc situated for the most part on two ridges 
themselves separated by a dry ravine. These ridges are bounded 
on the N.W. and N.E. by the Mene Grande and Asphalte creeks 
respectively. These creeks merge at their origin northwards, and 
are bounded by the slopes of the ridge on which the Star Water 
tank is situated. Again further north to the west and the east 
this ridge .descends in sloping ground, dry for the most part and 
covered with asphalte until in a N.W. direction the creek ‘Piedritas 
blancas ’ is reached. 

The whole of this large area is for the most part dry. What 
little water there is, is found in the slopes draining to the road from 
the Old Village to Zo, but frequent examinations of all collections 
of water in this area were negative. As regards the Asphalte creek 
itself, this was also negative except for a small swamp some fifty 
yards long in its upper portion. Here Anopheles larvae in scanty 
numbers were found. The rest of the creek had already been 
drained; the ditches contained numerous fish and considerable 
quantities of oil. The swamp above referred to was caused by a 
small depression in the surface, and was easily abolished by cutting 
the long grass and filling with earth from the adjacent higher 
ground. • 

Area D.—or New Village Area. 

The New Village is situated on the Sabana de Matajey de Raya 
on elevated ground (thirty metres) a hundred yards or more from the 
creek El Mene or water creek. From the elevated flat ground on 
which the village lies a number of dry ravines lead down to a swamp 
some fifty yards or so in width, bordering the stream formed by the 
junction of the streams from the Asphalte and El Mene creeks. This 
swamp extends along the edge of the Sabana in a curved course 
(probably as far as San Pedro), and was found to contain Anopheline 
larvae—always, it is true, scanty in number—for ,a distance of. 
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roughly, about three-quarters of a mile. Although fish were 
plentiful in the two drains that had already been cut in part of it, 
but which were blocked when examined by me, yet Anopheles were 
present always in small numbers, but from its extent this swamp and 
its tributary swamps (vide infra) formed the main source of 
Anophelines. The Tatucatles, out in the Sabana, contained fish, 
and was negative. 

The ravines below the village to which reference has been made, 
extend in a south-easterly direction, becoming less steep and with 
flatter bottoms so that they are no longer dry but are occupied 
by swamps; it is these secondary tributary swamps and the 
main swamp which they eventually join, which formed the great 
Anopheline breeding-ground. 

In the four areas examined, Anopheles were found breeding in 
two only, and in one of these only in a swamp of small dimensions. 
The breeding-grounds were thus in August definitely restricted; 
Anopheles were not breeding in the jungle nor in the open cleared 
area, nor in the waters that existed on the asphalte slopes of 
Area C. 

The swamp in which Anopheles were found breeding was over¬ 
grown with a variety of grasses, some up to 6 ft. high; in other parts 
it more resembled marshy ground with short rushes in part trodden 
by cattle; in other parts again ' tatucales’ formation. In no case 
were Anopheles found amidst overhanging trees. 

Anopheles (C. ar gyro tar sis) were also found breeding in one of 
half a dozen clay borrow-pits some three miles away from the camp. 

Adult Anophelines. 

The search for anophelines in the native huts in the daytime 
was completely fruitless, and culicines also were very scanty. This 
condition was in maiked contrast to those observed by me in the 
neighbourhood of Lake Valencia, which I visited on my way home, 
where in the daytime, in the verandah of a hut, it was easy to collect 
numerous anophelines, embracing three different species. On the 
oilfield itself I was only able to secure by capture at night in the 
native village sixteen specimens of C. argyrotarsis, and during my 
stay in the camp no anophelines and very few culicines were seen by 
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me in the house I occupied. It should be stated that the windows 
of all the houses in the camp were wire-screened, and mosquito-nets 
were in general use. 


PBOPHYLAXIS 

The existence of infection in the Old Village and the absence of 
Anopheles from any area nearer than an isolated small, grass-grown 
swamp in the Asphalte creek and the great Aiiopheline Swamp 
adjacent to the New Village proves, I think, that we have a normal 
flight range of about half a mile. 

We may consider prophylactic measures under the following 
headings: — 

( a ) Drainage of Anopheline Swamp. 

Towards the end of my visit, 100 yards or so had been cleared 
of grass and existing choked drains cleared and additional ones 
constructed, with the result that the swamp rapidly became dry and 
free from larvae in this section. I suggested that the swamp should 
be drained for about a mile. The efficacy of this measure can be 
estimated by observing the effect (i) on the number of anophelines 
caught in the New Village month by month; (2).on the endemic 
index of the New Village; (3) on the sickness rate of the white staff. 
If the drainage results in a complete or almost complete suppression 
of anophelines, further measures would hardly be necessary, but in 
the event of this not being so, other measures would have to be 
adopted. 

(£) Removal of the Old Village. 

This source of infection in close proximity to the white staff 
quarters should be abolished, and if further protection is fought 
various stray native huts which exist here and there should also be 
removed. 

(0 The New Village. 

If drainage of the anopheline swamp is unsuccessful, it would 
be necessary to consider the question of removal of the New Village 
to an area free from anopheline breeding-places; such a one existing 



a mile or so from its present position. For elimination of malaria 
from the village itself, quinine administration is advisable; and 
further, if it remains in its present position wire screening of the 
huts could be advantageously employed, without prohibitive cost. 

(d) A more fundamental and expensive procedure would be the 
removal of the white staff houses. An ideal site for these exists on 
the Star Tank ridge, at an elevation of about 300 ft. and at a 
distance of about a mile from the New Village and Anopheline 
Swamp. 

One sees, accordingly, that the existing conditions have arisen 
from a lack of appreciation of the fundamental principles responsible 
for the infection of the white man amidst a native population, 
namely, close propinquity to that population, with a supply of 
anophelines also adjacent. Had one been laying out the camp 
de novo, the following arrangement would, I believe, have led to the 
protection not only of the white but also of the native population : — 

(1) The white staff houses should have been placed on the Star 
Tank ridge; (2) the native village should have been placed a mile 
from this site and also a mile from the source of anophelines. 

The conditions prevailing were particularly favourable for such 
an arrangement, namely, (1) the complete absence of anopheline 
breeding-grounds over a large part of the area considered, and 

(2) the large tract of ground in which collections of surface water of 
any sort were absent (in August). 


NOTES 

The oilfield was situated in Lat. 9 0 .75' N. and Long. 71 0 .15' W. 
The indoor temperatures in August ranged from 85°-89‘5 0 F. maxima 
to 75°-8r5°F. minima. Heavy rain lasting about half an hour fell 
towards evening on five out of twenty days. 

The only species of Anopheline found in the area was Cellia 
argyrotarsis, distinguished by having three and three-quarters hind 
tarsi almost completely white. The palmate hairs of the larva of 
this species are variable. Usually there are palmate hairs on 
segments two to seven, that on segment two being small and hard 
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to see. Examples were also found with well developed palmate 
hairs on segments one to seven, together with a well developed 
thoracic palmate hair. 

Examinations of sixteen specimens of C. argyrotarsis for sporo¬ 
zoites proved negative, but Tovar states that this species transmits 
in Venezuela. 

The small fish which abounded in the small streams and in the 
swamps of the district belonged to the following species:— 
Gambusia ( Poecilia ) tridentigera, 

Haplochilus sp., and 
Chromides ( Acara ) dorstgera. 
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EXPLANATION OF PLATE XXIV 

Fig. i. Old type of Bungalow. 

Fig. 2. Modem type of Bungalow. 

Pig. 3* The Peons’ Cock-pit. 

Fig. 4. Bird’s-eye view of Staff houses. The ridge with Star 
Water Tank in the distance. 

P'ig. 5. The Asphalte slopes. The arrows point to two jsphalte 
mounds. 
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NOTES ON CULICIDAE COLLECTED IN 
VENEZUELA 

BY 

A. M. EVANS, M.Sc. 

(Received for publication 25 November, 1921) 

Plates XXV and XXVI 

During the course of the investigations in Venezuela, recorded in 
the foregoing paper, a* number of mosquitoes were collected by 
Professor Stephens at Mene Grande, which is situated about ten 
miles inland from Lake Maracaibo. Specimens were also caught at 
Maracay near Lake Valencia, which is separated from Lake 
Maracaibo by a range of mountains, and on the Island of Curasao. 
The following is a list of the species collected at each of the three 
places:— 


Lake Maracaibo 
Anopheles argyrotarsis, R.D. 

Hatched from larvae taken in swamp <?<? 3, 99 6. Mene Grande, 

22.8.21, 99 5. 

Aedes serratus, Theo. 

Mene Grande, 3.8.21, 99 6. Biting in jungle, Mene Grande, 

5.8.21, 99 '6. Caught in jungle, biting horse and man, 

5.8.21, 9 1; 11.8.21, 99 11. 

Aedes scapular is, Rond. 

Mene Grande, jungle, 11.8.21, 99 3- 

Taeniorhynchus titillans, Walk. 

Mene Grande, biting in jungle, 99 3* 

Culex ( Neomekmoconion) chrysothorax, Newstead and Thomas. 
Reared from pupa taken in swamp, Mene Grande, 7.8.21, 9 1. 



44 * 


*CuUx ( Culex )) coronator, D. and K. 

Mene Grande, 6.8.2r, <?<f 4, $9 6. Hatched from larvae, Mene 
Grande, 1.8.21, <?<? 2 ; 11.8.21, $9 2 ;* 3, 9 1. 

*Culex ( Culex ) nigripalpus, Theo. 

Mene Grande, c? z. 

Psorophora posticata, Wied. 

Mene Grande, 11.8.21, 99 2. 

JoUotia digitatus, Rond. 

Jungle, Mene Grande (about 20 miles inland from Lake 
Maracaibo), 20.8.21, 99 2. 

Maracay 

(about 10 miles from Lake Valencia) 

4 

Anopheles argyrotarsis , R.D. 

Maracay outskirts, 8.9.21, 9 1. 

Anopheles albimanus , Wied. 

Maracay outskirts, 8.9.21, 1, ? 1. 

Anopheles albimanus var. tarsimaculatus, Goeldi. 

Maracay outskirts, 8.9.21, d I, 9 1. Maracay outskirts, 5 
specimens. 

Anopheles pseudopunctipennis , Theo. 

Maracay outskirts, 7 specimens. 

Aeies scapularis , Rond. 

Maracay outskirts, 8.9.21, 9 1. 

Aedes trivittatus , Coq. 

8.9.21, 9? 2. 

*Culex {Culex) quinquefasciatus, Say. 

Maracay outskirts, 8.9.21, 3. 

*Culex {Culex) virguUus , Theo. 

Maracay outskirts, 8.9.21, 1. 

Psorophora posticata, Wied. 

Maracay outskirts, 8.9.21, 9 1. 


Determined by the male genitalia (Sit Dyar, 1918). 
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Curacao 


Aedes (Stegotnyia) fasciata , Fabr. 

Breeding in tub, Ice Factory, Curajao, 1.9.21, $ 1. 

*Culex (Culex) quinquefasciatus , Say. 

From larvae breeding in tub of ice manufacturer, 30.8.21. 

<? <? 9 » ? ? 11; 1-2.9.21. <? 14, ? ? 3 i- 

THE MORPHOLOGICAL CHARACTERS OF 
ANOPHBLBS ARQYROT ARSIS , R.D., AND A. ALBIMANUS , WEID. 

Larvae . In their Monograph, Howard, Dyar and Knab (1917), 
state that palmate hairs occur only on abdominal segments two to 
seven in A. argyrotarsis, but that in A. albimanus there is an 
additional small pair on the first abdominal segment. The larvae 
of A. argyrotarsis, which Professor Stephens collected from the 
swamps around Mene Grande, however, all possessed these 
structures on the first segment of the abdomen. In some specimens 
these were in a reduced and incomplete condition, but in a certain 
number they were well developed, and in these latter specimens a pair 
of palmate hairs was also present on the thorax, a position in which 
they do not appear to have been recorded hitherto in either of these 
species. The distribution of these structures is thus shewn to be 
variable in the two species, and cannot be used as a specific character 
for determination of the larvae. 

' Male hypopygium. In view of the close resemblance between 
the adults of these species, it appeared desirable to compare the 
detailed structure of the male * hypopygium. The figures in the 
Monograph of Howard, Dyar and Knab (1912) tend to exaggerate 
the differences present, and it is obvious that the morphology 
was not clearly understood. Christophers (1915) described the 
hypopygium of A . albimanus , and placed in one group with this 
species A. argyrotarsis , A. tarsimaculata , and A. bellator. This 
group was based on the number and arrangement of the large spines 
arising from the side-piece, but Christophers stated that it was 
imperfectly studied. Edwards*(1920) referred to the structure of 
the mesosome (theca) of A. argyrotarsis , saying that it approached 
nearest to the simple form seen in Ochlerotatus . 

•Determined by the male genitalia (tee Dyar, iqi8). 
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Before comparing the hypopygium of the two species, it is 
necessary briefly to discuss the structure of certain of the constituent 
parts. The nomenclature employed is that proposed by Edwards 
(1920). The mesosome (thfca) of A. albimanus has been described 
and figured as * massive and clubbed.’ This appears to have been due 
to confusion of the mesosome with a wide median membraneous lobe 
(fig. 2 A and B, m.l.) which arises from the membrane at the base of 
the side-pieces on their upper (by rotation) sides. The position of 



Fig. 1. Hypopygium of A. argyroUtrsis from below; tenth sternite not shown. 
cl.y claspette ; m., mesosome ; s.p. f side-piece $ s.s. y stalked spine. 


this lobe in relation to the side-pieces is shewn in the drawings 
(fig. 2 A and B). Distally it becomes bilobed, and the two halves 
are produced downwards (towards the tenth sternites) so as to 
embrace the distal half of the mesosome. So intimately are the 
distal portions of the lobe associated with the mesosome, that in 
.mounted preparations it is often impossible to distinguish the 
separate structures. When examined floating in oil under a 
binocular microscope, however, and arranged so that a terminal view 
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is obtained the mesqsome can'be seen lying ensheathed on three sides 
by the median lobe, and its downward processes. The separate 
parts can then be dissected away and isolated. The form of the 
mesosome and median lobe afford what appear to be reliable 




| 01 millimeters j 

Fig. 2. Base of (J Hypopygium from above; mesosome and tenth stemite not 
shown j drawn from specimens macerated in K.O.H. A— A. argyrotarsis. B— A. albimanus 
var* tarsimaculata . median lobe \ s.p side-piece. 


characters for the separation of the species A. argyrotarsis and 
A. albimanus. The latter species and its variety tarsimaculata 
appeared not to differ to any marked degree in the characters of the 
hypopygium. 
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The Mesosome (fig. 3 A and B). It was found that the mesosome 
can be best studied in specimens stained with carbol fuchsin. In 
both species the halves of the mesosome are elongate plates, each 
articulating basally with the chitinous pieces (jp.p.p.), which 
represent the parameres and basal plates of other Culicidae. 
The halves (h) approach each other on the upper side, but 
below are connected by thin membrane which distally becomes 
chitinised, forming a rounded apical plate (a.p.) concave above, and 
membraneous at its margin. 



Fig. 3. Mesosome; drawn from specimens stained with carbol fuchsin. 
A— A, argyrotarsts. B—A. albtmanvs var. tarsmaculata. a p, } apical plate , b. } half 
of mesosome , leaflet $ pJ>.p. } plate representing parameres and basal plates. 


In A. argyrotarsis the halves of the mesosome may be actually 
contiguous for part of their length, causing the mesosome to be 
tubular in this region. At the distal extremity of each half arises 
a flat recurved spine (/.), toothed on its outer side, which is obviously 
equivalent to the leaflets of the more specialised Anpphelini. 
Although the leaflets of other species are usually directed more or 
less distally, Swellengrebel (1921) figures some recurved ones in 
A. (Myzorhynchus) barbirostris, v. d. Wulp var. pallid us, Sw., 
and in A. ( Myzorhynchus ) utnbrosus, Theo. The greatest breadth 
of the apical plate is greater than its height above the apices of the 
halves of the mesosome. 

In A. albimanus and its variety tarsimaculata, the halves of the 
mesosome (fig. 3 B) have only a slight tendency to form a tube. 
Leaflets are absent, and the greatest breadth of the apical plate is 



45 * 

equal to or less than its height above the apices of the halves of the 
mesosome. 

Xhe Median lobe . In A. argyrotarsis (fig. 2 A), the distal 
portions of this structure are composed of a number of parallel 
divisions, the exact form of which is exceedingly difficult to 
determine in macerated specimens, owing to the extreme thinness of 
the membrane, and its liability to distortion. There are no 
long hairs or setae present. In A. albimanus and its variety (fig. 2 B), 
the surface of the median lobe is thrown into a large number 
of shallow folds distally, these folds involving the lateral descending 
portion as well as the upper surface. The sides are thickly clothed 
with long hairs, and a number of very delicate hairs occur on the 
surface of the basal portion of the median lobe. 

Side-pieces. No well marked specific characters could be found 
in the large spines borne on the internal surface of the-side-pieces. 
The pedicels of the stalked spines (fig. 1, s.s.) are slightly shorter in 
A. argyrotarsis than in A. albimanus . The claspettes are in the 
former species broad and not well differentiated from the surface 
of the side-piece. In this they differ from the separate finger¬ 
like condition in which they sometimes occur in A. albimanus 
(Christophers, 1915). In some specimens of the latter species, 
however, they occur in the same condition as in A. argyrotarsis. 

The tenth sternite is almost identical in the two species. The 
appearance varies according to the position of the paired chitinous 
arms. 

The main differences, then, between the male hypopygium of 
A. argyrotarsis and A. albimanus lie in the form of the mesosome 
and the membraneous structure here referred to as the median lobe. 
The character of the mesosome of A. argyrotarsis , with its single pair 
of leaflets and tendency to form a complete tube, suggests a 
transitional stage between the generalised condition seen in 
A. albimanus and the completely tubular form with numerous leaflets 
which occur in most species of the genus. 
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EXPLANATION OF PLATE XXV 


Fig. i. Wing of Anopheles albimanus var. tarsimaculata. 

Fig. 2. End of hind tarsus of A. albimanus var. tarsimaculata. 
Fig. 3. End of hind tarsus of A. argyrotarsis. 






EXPLANATION OF PLATE XXV 


Fig. i. Wing of Anopheles albimanus var. tarsimaculata . 

Fig. 2. End of hind tarsus of A. albimanus var. tarsimaculata . 
Fig. 3. End of hind tarsus of A. argyrotarsis. 
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EXPLANATION OF PLATE XXVI 


Fig. i. Wing of Anopheles punctipennis. 
Fig. 2. Wing of A. pseudo punctipennis. 
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A NOTE ON THE SYNONYMY OF THE 
GENUS ZSCHOKKEELLA, Ransom, 1909, 
AND OF THE SPECIES Z. GUINEENSIS, 
(Graham, 1908) 

BY 

T. SOUTHWELL 

AND 

P. A. MAPLESTONE 
{Received for publication 29 November , 1921) 

In Simpson's Report on Plague in the Gold Coast in 1908, Graham briefly 
described a parasite from Cricetomys gambianum, to which he gave the 
name Davainea {guineensis, n.sp. ?). 

We have obtained from the Gold Coast on several occasions, through 
the kindness of Dr. J. W. S. Macfie, large collections of worms, both from 
C. gambianum and Epimys (Mus) rattus. The examination of this material 
has led us to make the following observations :— 

Beddard (1911, a), apparently unaware of Graham’s paper, redescribed 
the same worm under the name Thysanosoma gambianum. Beddard 
(1911, b) changed this name to Thysanotaenia gambiana, and again (1912) 
to ZschokkeeUa gambianum. Baylis (1915) described Z. muricola, n.sp., 
from Epimys {Mus) rattus, and Meggitt (1921) described a new species of 
Inermicapsifer {I. Zanzibarensis), from C. gambianum. 

We have been unable to find any constant or adequate points of 
difference between our material and the above three species; this is 
clearly indicated in the table below. 

For these reasons we have come to the conclusion that the worm 
Z. guineensis has the following synonymy, viz.: Davainea {guineemis, 
n. sp. ?) Graham, 1908; Thysanosoma gambianum, Beddard, 1911; Thysano¬ 
taenia gambiana, Beddard, 1911; Zschokkeella gambianum, Beddard, 
1912; Zschokkeella muricola, Baylis, 1915; and Inermicapsifer Zanzibar ensis, 
Meggitt, 1921. 

We agree with Meggitt (1921) that the genus Thysanotaenia should 
lapse, and that no valid distinction has yet been made between the genera 
Zschokkeella and Inermicapsifer. We therefore suggest that the genus 
Inermicapsifer, Janicld, 1910, be likewise suppressed, and all the species 
in it included in the genus Zschokkeella, Ransom, 1909, on account of its 
priority. 




Z. gambianum ) Beddard 

Z, muricola, Baylis 

/. Zanzibarensit) Meggitt 

Z, guineensit* 

Genital Pore . 

About the middle. 

New—Shown anterior 
in figure. 

Anterior. 

In anterior quarter. 

• 

Varies from the anterior 
to about the middle, in 
the same itrobila. 

7 esies . 

In two separate groups. 

(This is only implied in 
the description and 
is not definitely 
stated). 

In two groups, but almost 
continuous. 

Continuous; but fewer 
in centre of segments. 

May be in two separate 
groups or these may be 
unked by a bridge of 
varying numbers of 
testes, in the same 
strobile. 0 

Vesicula seminalis ... 

? Present. If so, repre¬ 
sented by a pouch near 
the ovary. 

Not seen. . 

Small and inside cirrus 
pouch. 

Small and inside cirrus 
pouch. No external 
vesicula seminalis seen. 

Qstory . 

May be regarded as 
paired; partly separ¬ 
ated by yolk gland. 

: 

Single, fairly compact, 
lobulated, crescentic. 

I ! 

Single, made up of strag¬ 
gling lobes, long, 
slender and only slightly 
connected. j 

A pear-shaped organ con¬ 
sisting of club-shaped 
acini, with vitelline 
glands lying closely 
posterior, 

Receptaadum seminis 

Long and not much 
swollen. 

Small rounded organ near 
ovary. 

Large and thin walled. 

Note— This structure 
appears to be what 
is usually considered 
as the vagina. 

As in Z. muricola 

No. of eggs in capsules 

A few. 

1 

About 20. 

One, but 9 to 10 eggs in 
clusters. 

From 3 to about 20. 

Note —Apparently the 
egg capsules first con¬ 
tain about 20 eggs, 
and in later develop¬ 
ment these sub¬ 
divide into capsules 
containing fewer 


* Diagnosis compiled from observations on our material and from ipedraens which Dr. Meggitt 
was kind enough to send us. 
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MOSQUITOES AND OTHER BLOOD¬ 
SUCKING ARTHROPODS OF THE 
UPPER SHIRI RIVER, NYASALAND 


BY 

Dr. J. B. DAVEY 

AND 

Professor R. NEWSTEAD 
(Received for publication 23 'November , 1921) 

This paper deals witli the mosquitoes and other sanguivorous 
Arthropods observed in a relatively small area on the banks of the 
Shiri River, a little south of Lake Malombe, in the Nyasaland 
Protectorate, British Central Africa. Our captures were made 
during the dry season, from July to the beginning of November, in 
the year 1911. No special effort was made by us to collect such 
material, and no search for the breeding-places of mosquitoes was 
undertaken. 

Our camp occupied a position about 200 yards from the river, 
the intervening space being comparatively free from ‘ bush ' or other 
forms of vegetation. Hereabouts the river banks were low, and 
partly or wholly submerged during the rains. Nearby the banks 
were elevated and clothed with tall forest trees, and beneath 
them there was a dense and almost impenetrable undergrowth. 
Two-thirds of the river was rendered impassable by the r sudd/ which 
was composed of a dense floating platform of aquatic plants, serving 
as a retreat for many species of birds, the crocodile and the 
hippopotamus. The sudd consisted largely of grasses, and in places 
extensive colonies of papyrus; the fringe being composed chiefly of 
the beautiful ‘water caltrops' ( Trapa bispinosa ) and the equally 
troublesome ‘ cabbage' or ‘ duckweed ' (Pistia stratiotes ). 

Mosquitoes (Culicidae). 

Anopheles ( Myzorhynchus) mauritianus % Grandpre. This fine 
Atiopheline was by no means common in our camp, as in all only ten 
examples were captured; nearly all of these came into our dining-hut 



while we were sitting at the table after dark. It is just possible that 
they may have been attracted by the artificial light; but of this we 
could not be certain. It did not seek shelter in the tents, as in the 
case of Anopheles funestus, and, therefore, does not appear to be a 
strictly ‘ domestic ’ species. With one exception, the specimens were 
of the dark form such as has been recorded from south of the 
Zambesi, and were characterized by the absence of spots either upon 
the costa or the fringe; the palpi presented three very narrow bands, 
the tips were in most cases black. The dates of capture were: — 
July, 1911; 1st August, 1911; 3rd August, 1911; 16th September, 
1911; 18th September, 1911; 21st September, 1911. 

Anopheles {Cellin') pharoensis, Theobald. One specimen only. 
This was taken in the dark-room tent, 3rd August, 1911. 

Anopheles (. Pyretophorus ) costalls, Loew. Only one example of 
this mosquito was captured, during the month of August. 

Anopheles ( Myzotnyia ) funestus, Giles. This malaria-carrying 
mosquito was the most abundant of all the Anophelines observed by 
us. On July 31st, we decided to fix our permanent camp on the 
banks of the Shiri, opposite Matutas village, but our tents became 
so badly infested with this mosquito that we decided to abandon 
the site, selecting a more open spot a short distance away. Our 
first camping ground in this locality was surrounded by tall and, 
for the most part, densely foliaged trees, and was distant from the 
river about 80 yards. The permanent site of the camp was 
200 yards from the water in practically open country. We found, 
however, that this Anopheline was equally abundant in both places: 
on August 2nd, one hundred and eleven specimens of this species 
were counted in one of the tents, and there were certainly an equal 
number present in the other tent. The temperature on this occasion at 
3 a.m. was 46° F., at midday 86° F. in the shade, and at 8.30 p.m. 
55 0 F. On August 9th, one hundred and sixty-two specimens of 
this species were captured in one of the tents. These consisted 
of thirty <J, twelve unfed $ 9 and one hundred and twenty 
9 9 which contained blood. This total does not, however, represent 
the actual number present in the tent, as large numbers escaped and 
many remained uncaptured, so that there were probably half as 
many again as the total captures, and there was certainly an equal 
number present in the other tent. This was the only occasion on 
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which we attempted to catch as‘many individuals as possible with 
the view of ascertaining the ratio of sexes, the proportion of fed and 
unfed females, and the approximate number present in the tent. 
Farther captures were made on August 14th and 31st, when 
twenty-three $ 9 and three <3 < 5 , sixty-eight 9 9 and eleven 3 3 
were captured respectively. We consider that the figures given for 
August 9th may be taken as representing the approximate numbers 
present daily in either tent at that period; but we noticed even 
larger numbers on several occasions. During this time the tents 
were opened daily at each end, and as many mosquitoes as possible 
■driven out, but as already stated we found no diminution in the 
numbers. The largest numbers observed were always in the darker 
portions of the tent, such as the angles of the roof and sides, between 
the boxes and on various garments. We also observed that they 
settled freely upon freshly skinned birds, especially guinea-fowk. 
We also observed on many occasions large numbers flying into the 
tents in the early morning between dawn and sunrise, the chief point 
of entrance being at the upper portion of the opening, through 
which they passed in more or less continuous flight until the rising 
sun put an end to their movements. Our native employees, about 
fifty in number, slept in the open about 15 to 25 yards from our 
tents. The nearest native village being on the opposite side of the 
river and about half a mile distant, we came to the conclusion that 
the principal food supply of these mosquitoes was obtained from the 
natives in our camp. 

Mansonioid.es untformis , Theobald. It was by far the most 
abundant of all the mosquitoes, and also the most vicious and 
persistent biter. It attacked one at any time of the day or night, 
but was most troublesome shortly after sunset. It simply swarmed 
along the river and its immediate vicinity, but occurred also in the 
bush in places far remote from water. It was not, however, 

‘ domestic ’ in its habits, though a few specimens were taken in our 
tents during the day. It was equally obnoxious on the lower Shiri; 
but almost entirely disappeared in the Zambesi where the margin of 
the river was free from aquatic plants. It is highly probable, 
therefore, that it breeds chiefly in those portions of the Shiri where 
the ‘ sudd * is extensive, and where rootlets and stems of aquatic 
plants suitable for the attachment of the larvae abound. 
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Culex tigripes, Grandpa. One female only was taken m one 
of the tents in our camp during the month of August. 

Ingramia ( Mimomyia) uniformis, Theobald. One female of this 
rather rare mosquito was taken at night in our camp on August nth, 
1911. The beautiful pale blue reflections on the thorax were very 
marked in this example. 

Etorleptiomyia mediolineata, Theobald. One female was taken 
at the camp. 

Taeniorhynchus ,aurites, Theobald. Examples of this species 
were taken in the camp, the date for which is now lost. 

PSYCHODIDAE. 

Phlebotomus minutus vax. africanus, Newst. Three examples 
of this species were captured during the daytime, while at rest inside 
the tents; and one at artificial light, at 7.30 p.m. Other specimens, 
presumably of the same species, were also seen inside the tents at 
various times generally resting upon the canvas roof. On two 
occasions late at night examples attempted to bite one of us while 
under the mosquito net; the familiar high-pitched note, somewhat 
resembling that produced by a mosquito but much fainter, was heard 
distinctly as the insects hovered round the face of its would-be 
victim; on the first occasion we were sleeping under canvas; the 
second time in our large mud-house. 

The first example was taken in the middle of July; the others 
were seen during August, and the last one towards the end of 
September. It is evident, therefore, that this insect occurs in 
Nyasaland during the dry season as it does also in Malta, and 
possibly also in other parts of Africa. 

Tabanidae. 

Tabanus taeniola var. variatus, Walker, occurred very sparingly 
towards the end of August, four specimens only being seen and 
captured. These were all females. One was captured inside one 
of our tents, one was caught on a dead hippopotamus, and two were 
attracted by the fresh, moist mud on the walls of our hut. 

Tabanus africanus, Gray. Two females of this handsome species 
were also attracted by the fresh mud which covered the walls of the 
hut. None was seen after the moisture had evaporated from the 
mud. 





Pup j par a. 

Echestypus septaceus, Speiser. A number of specimens were 
taken from a young Kudu bull which was killed live miles west of 
our camp on September 14th, 1911. 

Olfetsia ardeae , Macq. Two examples of this* Hippoboscid 
were taken from a freshly killed Goliath heron ( Ardea goliath ), 
August 22nd, 1911. It is an extremely active insect, and the 
specimens were caught with difficulty. 

Hemiptera (Family Capsidaf.). 

Trigonotylus brevipes, Jak. This minute green bug was first 
observed in our camp an hour after sunset, on August 10th, 1911, 
when it bit one of us severely on the back of the hand; the proboscis 
being driven so firmly into the skin as to prevent its immediate 
escape, so that one was enabled to examine it carefully with a 
pocket-lens. Subsequently this insect occurred in large numbers at 
irregular intervals during August and September, always apparently 
attracted by artificial light, and always annoying by its persistent 
efforts to bite. It cannot, however, be considered a true blood¬ 
sucking insect, and we believe that its bites are made out of mere 
curiosity rather than to obtain blood. In life, it is of an almost 
uniform grass-green colour, with a narrow, pale streak below the 
costa of the elytra, antennae dull crimson-red, basal portion of 
terminal segment with an indistinct greyish ring; eyes black; 
abdomen vivid green; legs slightly paler, especially the hind femora; 
terminal segments of tarsi black. 

Ticks. Ixodidae. 

Though a number of animals were examined during our stay in 
the Shiri Valley, comparatively few of them were found infested by 
ticks. The following is a list of all the species observed. 

Rhipicephalus neavei, Warburton. One male and four females 
from a Kudu, five miles west of camp, 1911, many specimens 
from a buffalo, 3rd August, 1911; two males and two females off 
Nswala or Mpala antelope, Upper Shiri Valley, 8th August, 1911 ; 
one female off an eland, Upper Shiri Valley, 20th August, 1911. 



Rkipicepkalus falcatus, Neumann. Off buffalo, 3rd August, 

19x1. 

Rkipicepkalus stmus, Neumann. Three males from buffalo. 
Upper Shiri Valley, 3rd August, 1911. 

Rkipicepkalus maculatus, Neumann. One male from buffalo, 
Upper Shiri Valley, 3rd August, 1911. 

Hyalomma aegyptium, Linn. Off buffalo, Upper Shiri Valley, 
3rd August, 1911. 





BREEDING PLACES OF ANOPHELINE 
MOSQUITOES IN FREETOWN, SIERRA 

LEONE 


BY 

B. BLACKLOCK 

(Received for publication 29 November , 1921) 

Plates XXVII to XXXI and Three Maps 

Stephens and Christophers (1900) stated 'in Freetown we found 
that during the dry season the streams were the main source of 
Anopheles' Daniels (1901), in a letter to Sir Ronald Ross bearing 
on the anti-mosquito operations then proceeding in Freetown, 
expressed the opinion that in the dry season, while the surface 
collections of water would have disappeared, new breeding-places 
would arise, ‘^mainly the streams, small and large, which remain, 
possibly some of the other wells and artificial collections of water in 
tubs, etc.* Boyce, Evans and Clarke (1905) mention 'the great 
disadvantage which attaches to the streams in the dry season, viz., 
that they constitute in Freetown, at that period, the chief sources 
of Anopheles supply/ 

With the object of ascertaining whether the streams referred to 
above, which traverse Freetown, still act at the present day as 
breeding-places of anopheline mosquitoes, I took the opportunity of 
examining them at the end of the.dry season of 1921. The search 
for larvae was carried out in the month of May, at which time the 
stream beds contained comparatively small amounts of water. The 
plan adopted in making the survey was to start at the mouth of the 
stream at the point of entry into the sea and to work up stream 
through the town until the places of origin of the streams was 
reached in the high ground at the foot of the hills behind the town; 
the various tributaries were followed in turn. 

The results obtained showed that in each stream in which larvae 
were found, breeding-places were present in largest numbers at the 



lower end of the stream; as one proceeded upwards through Hat 
town the breeding-places and the numbers found became , scanty* 
while on emerging from above the town breeding places were again 
found, but still in small numbers in comparison with those at the 
lower end of the streams. 

The reasons for this distribution are doubtless numerous, but 
some of them are clearly connected with the conformation of the 
ground. The streams, in some cases, by the time they reach a point 
several hundred yards from the sea have produced wide, steep-sided 
gorges through which they pursue a tortuous, irregular course; the 
numerous sheltered bends, overgrown with grass and weed, afford 
excellent breeding-grounds and shelter for the larvae. The process of 
erosion m the wet season appears to have more than compensated for 
the additional volume of water to be carried, so that the advantage 
of flushing is to a certain extent lost in the lower portions of the 
streams. In the town proper the streams are passing through a rocky 
formation, with the result that there is slower erosion; this and the 
great amount of canalisation of tributaries which has been carried 
out in recent years permit of more complete washing out of the 
stream bed in its passage through the town. Above the town the 
prevalence of larval breeding-places was to be anticipated from the 
more diffuse nature of the water courses, their extensive area, and 
the plentiful vegetation through which the water slowly percolates 
before forming definite streams. The conformation of the ground, 
while it favours the presence of Anopheles by providing suitable 
breeding-places, acts also m their favour, especially in the gorges 
mentioned above, by rendering it difficult to obtain access to these 
breeding-places for the purpose of detecting them, and still more by 
rendering the application of the measures necessary for their eradica¬ 
tion very laborious. 

The maps appended show (Nos. I and II) the places in which 
anopheline larvae were discovered and the manner of their distribu¬ 
tion in 1921 and 1900. It was observed that the residual breeding- 
places in the streams at the end of-the dry season are of two kinds. 
The first is the edge of the winding and eroded bed of the stream 
just before its entrance to the sea, the second is the shallow water, 
well protected by vegetation and extending over a large surface, 
which is found at die places of origin of the streams. These residual 
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Map i. 6 A. coitalis lame or pupae found 1921. 



M^p 2. Anopheles lame found 1900. 















breeding-places doubtless contribute very materially to the spread 
of Anopheles whe n the rams comm enc e, and other breeding sites 
become available. Some of the more interesting breeding-places 
found are seen in photographs i to 5. 


SPECIES OP ANOPHBLES POUND 

Larvae and pupae collected from the various breeding-places 
were taken to the laboratory and allowed to develop; anophelines 
which emerged belonged in all cases to the species A. costalls. This 
appears at the present time to be by far the commonest anopheline 
breeding at the end of the dry season in Freetown. It is deserving 
of note that in the early days of mosquito investigation in Freetown 
this species predominated at the end of the wet season also. 
Daniels (1901) mentions Anopheles costalls as a common mosquito 
in Freetown, and further states that 'A. funestus was found near 
but not in Freetown.’ Ross, Annett and Austin (1902) stated that 
while of over two hundred anophelines obtained from Wilberforce 
Barracks all were A. cos tails, they obtained from Dr. Berkeley at 
Kissy both* this species and also A. funestus, the latter ‘ by far the 
more numerous.’ They add that A. funestus was restricted entirely 
to the eastern part of the town, and that they never found a larva 
or an adult of this species west of Government House. It is not 
stated, however, how near to this dividing line A. funestus existed 
on the east side at that time. Thus, while there is no evidence 
from the foregoing and the present survey that the proportion of 
A. funestus to A. cost alls has undergone a change during this period 
of years, there is considerable evidence to show that A. coslahs was 
then, and is to-day, the commonest anopheline in Freetown. 
Owing to lack of time, little could be done in the way of dissections 
of adults, either caught wild or experimentally fed on malaria 
carriers; this will be reserved for a further date, when it will be of 
great interest to discover whether there exist to-day any rates of 
mosquito infection comparable with the Wilberforce Barracks 
figures of Ross and collaborators in 1902, namely, twenty-seven 
infected Anopheles costalis in one hundred and nine captured females 
dissected. 
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It may be said then that the results obtained in 1991 at the end 
of the dry season were such as to confirm the predictions of twenty 
years ago, and in view of the great amount of careful and pains¬ 
taking work which has been steadily carried out in the interval with 
a view to abating mosquito breeding, it is clear that in these 
streams we have a problem which will require a little more detailed 
investigation. 

METHODS OP DEALING WITH THE STREAMS 

Previous suggestions as to how such an obvious source of 
Anopheles could be dealt with have been of various kinds. Some 
of these may be mentioned. 

Daniels (1903) wrote: ‘Two possible methods which are most 
obvious are the formation of a central channel in the bed of the 
stream, with larger collections of water in sufficient numbers of 
places for drinking purposes, and, .lower down the stream, other 
places for washing, etc. The second, which might be cheaper but 
certainly less effective, would be to dam up the streams so as to 
obtain a sufficient head of water to flush out the whole channel at 
intervals.’ 

Boyce, Evans and Clarke (1905) summarised their views on this 
matter as follows : — 

(1) Reconstruction of the bed of streams. 

(2) Diversion of water for flushing of town drains in dry 

weather. 

(3) Construction of dams in streams and flushing of beds at 

intervals. 

It will be seen that schemes one and three here correspond to the 
two suggested by Daniels above. The town drains referred to, m 
number two, are the surface drains in the streets. 

(1) Reconstruction of the bed of streams. 

If one follows such a stream as Nicol’s Brook from its origin above 
Foulah town to the point where it enters the sea, it is realised that 
the operations involved in this scheme would be of great magnitude. 
The process of erosion has been so irregular in its action that the 
water does not flow on a simple slope from above down to the sea 



level. It forms at places considerable falls, and also has cat very 
large cavities in the bottom of the stream bed. Laterally aho it 
extends in different places to very different dimensions. In order to 
rectify foe levels and build a channel capable of carrying all the 
rainy season water, it appears that a very large expenditure would 
be involved. If when this expenditure had been made the streams 
could then be regarded as safe, it' might be a plan worthy of 
consideration: but it appears probable that constant attention would 
be required to ensure that the lateral tributaries discharged properly 
into the central channel and that pools did not form outside this 
channel itself. This would involve one of two things. Either the 
channel would have to be so levelled and sloped at the sides that no 
pools could possibly form—a vast operation—or else such pools 
would have to be treated regularly with larvicide, as at present. 
The other streams would require similar measures. 

(2) Diversion of water for flushing of town drains in dry weather. 

This scheme would, it appears to me, fail to be effective in 
preventing anopheline breeding in the stream beds, for two reasons. 
One is that water oozing out of springs between the strata in the 
bed of the stream would still form pools suitable for breeding 
anophelines. The other is that many of the drains referred to 
discharge into these streams and would thus carry the water back 
to the bed of the stream after having flushed out the town street 
drains. 

(3) Construction of dams in streams and flushing of beds at 

intervals. • 

This scheme assumes that the bed of the stream is capable of 
being effectually flushed, but the observations which were made 
above in connection with the conformation of the streams go to 
prove that Nature has already by the process of excavatiojn and 
erosion effectually prevented such a flushing action being successful. 
Further, it cannot be said that even a large volume of water passing 
occasionally down a river bed which is a honeycomb of pools will 
ensure the sweeping out of anopheline larvae from these pools. 
This scheme, therefore, does not appear to guarantee success. 
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SEGREGATION METHOD 


Stephens and Christophers were among the pioneers of the 
segregation method of dealing with the malaria problem, and there 
is ample evidence of the efficacy of this method where it is vigorously 
and thoroughly carried out. It is chiefly of value where we are 
dealing with a small non-immune community which has to exist side 
by side with an overwhelming preponderance of immunes and semi- 
immunes. It is based on the fact that there always has been, and 
always is, a large proportion of infected children among the native 
population. If we believe such conditions will always remain in 
the future, it is clear that the readiest and most inexpensive way of 
dealing with such a small white community will be by strict 
segregation; in this way a great degree of safety from infection can 
reasonably be insured. In places which are being newly developed 
this method can be used advantageously, as also in places where 
the white population is small and circumstances favour their settle¬ 
ment away from the native. But in old established towns it is not 
by any means an easy method to apply, more especially where the 
white population is growing, and likely to grow greater year by year. 
It is also a method which leaves the natives to themselves and frankly 
regards them as so infected that no immediate and inexpensive 
mode of dealing with this infection is available; to this extent it is 
a method which is a tacit acknowledgment of defeat. Segregation 
occupies in respect to the malaria problem much the same place 
from the point of view of medical prophylaxis as evacuation of fly 
areas occupies in respect to the trypanosomiasis problem. Each may 
be excellent as a temporary expedient, but neither can be regarded 
as a final and satisfactory method of dealing with these problems. 

The bearing of segregation on the question of how to deal with 
the streams of Freetown is clear when we consider the results 
obtained by Stephens and Christophers in their investigation on the 
anopheline content of these streams and the native houses situated 
close to them. I have obtained the permission of these authors to 
reproduce a spot plan (Map III) which they made in 1900, showing 
the distribution of adult anopheles in houses near such a stream. 
It will be observed that ‘ houses in which anopheles are present in 
enormous numbers’ are found immediately beside the stream, that 
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m A PERMANENTLY EFFECTIVE SCHEME POSSIBLE? 


The only permanent scheme which will be effective in dealing with 
the stream beds appears to be one which obliterates them entirely. 
Whether any such scheme can be devised is a matter for engineers to 
determine. It might involve the construction of a canal or can&is 
capable of carrying the water to east and west from above the town 
and reclamation of the present stream beds. The fact that the 
outlay required, if the scheme were practicable, would be very large 
indeed does not enter at present into the discussion. Whether the 
effective method will prove too costly need and can only be decided 
after considerable investigation over a period as to whether an 
effective scheme is practicable from the engineering point of view. 
It deserves investigation, however, even if apparently excluded on 
account of prohibitive cost, for we are not justified in assuming that 
an effective method which would be too expensive at present must 
necessarily prove so in future years. 
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NOTES ON AN APPARATUS FOR THE IN¬ 
DIVIDUAL BREEDING OF MOSQUITOES 

BY 

B. BLACKLOCK 

, {Received, for -publication 29 November t 1921) 

The apparatus here described is designed to facilitate the task 
of breeding out mosquitoes individually from any stage in which 
they happen to be at the time when they are collected, and in this 
way obtaining a record of the association of the various stages. It 
is a development of the breeding apparatus which Carter and 
Blacklock (1920) described, and its small size makes it easily 
portable and convenient for use in the tropics. By means of it, with 
a little trouble, a complete record of the stage originally obtained, 
the adult stage, and the intervening stages is possible. The parts 
of which the apparatus consists are glass capsules of suitable size, 
embedded in a wooden base, glass cylinders of which one end is 
covered with mosquito netting, and glass tubes for the collection of 
the casts at the various stages of development. It will be simplest 
to give the dimensions of the model actually in use; this has proved, 
m so far as mosquitoes are concerned, satisfactory, the mortality, 
whether of larvae, pupae or adults, being comparatively small. 
Modifications could easily be introduced which would render the 
apparatus suitable for observing the development of other insects in 
their aquatic stages. 

The capsules. These are made from glass tubing, and are of the 
following dimensions: —Internal diameter, 1 r mm .; internal height, 
18 mm. They are of stout glass, about 1 mm. thick, rounded at the 
bottom like a test tube (fig. 1), and they fit into holes drilled in the 



Fig. 1. 

wooden base at measured intervals. The depth of the hole bored is 
such that when a capsule is placed in it the edge of the capsule lies 
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flush with the surface of the board, ajid the width of the btflo# is 
such that it is possible with fine bladed forceps to lift the capsule 
out of the board. A small ring of plasticine can be used to -fit the 
junction of the holes that are too large for the capsules. 

The board. The wood used in making the board is hard and 
well seasoned so that it will not warp. The length is 30 cm., the 
width 11 cm., the depth 3 cm.; the holes are bored in three rows, 
the distance between the holes from each other in any row or between 
the rows being 2 cm. (fig. 2). In this manner it is possible to have 



Fig. 2. 


in each board twenty-seven capsules arranged in three rows of nine 
capsules each. In boring the holes, the first row is bored near the 
edge of the wood, leaving a rim of only about o'5 cm. in front of 
them; the object of this arrangement will be explained later when 
describing the manner of using the apparatus. 

The cylinders. These are made of glass, of similar thickness 
to that used for the capsules. The dimensions are:—Internal 
diameter, 15 mm.; height, 25 mm. It is essential that one end at 
least of the cylinder should be so cut that it will stand upright and 
make fair contact all round its edge with the board on which it 
stands, if one end is irregular, it should be used as the upper end; 
this end is in all cases covered with a small piece of mosquito netting, 
kept in position by a piece of string or two thin rubber bands (flg. 3). 



FiO. 3, 
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As rubber is apt to deteriorate in the tropics and a band may break, 
it is necessary when using such bands to use two to ensure safety; 
string, however, answers the purpose quite satisfactorily, merely 
taking a little more time to fix on and take off. Fig. 4 gives a 
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section of the cylinders in position covering the capsule embedded in 
the board. 

Tubes for casts. These are made from glass tubing of an internal 
diameter of not less than 5 mm. and about 6 cm. in length, drawn 
to a blunt point at one end (fig. 5). When the larval and pupal 



Fig. 5 . 

pelts have been placed in them they can be corked and waxed, or 
better, if so long as to permit of it, they can be drawn out in a small 
flame and sealed. 

Method of use. The stages collected in the field, and from which 
it is desired to breed adults, are placed in a dish of such a size as to 
render it easy to ensure the isolation of individuals, and one by one 
these are transferred to the capsules, each into one capsule; this is 
Ailed with water and replaced in its position in the board, as 
evaporation occurs the fluid lost must be replaced daily to keep the 
water at the surface level. This is especially necessary in the case 
of anopheline larvae. The capsule is marked by a number written 
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on the board in front of it in pencil, the same number being entered 
in the book- in serial order. The front of the board is that margin 
on which the narrower rim is left; this serves to identify the front, 
and is useful in practice also by leaving standing room at the bade 
of each capsule for the accommodation of the cylinders' when* they 
are removed from their capsules. The capsule having been filled with 
water and replaced, a small portion of dried, powdered cockroach, 
or other suitable food material, is deposited on the surface of the 
water with a needle. Each day the capsule is examined at intervals, 
and when a cast skin is observed it is picked out with a needle 
or fine camel-hair brush and transferred to one of the tubes which 
have been described above, this being filled half full of preserving 
fluid, or the whole contents of the tube, including the larva, may be 
pipetted out with a wide bore pipette into a small porcelain dish 
and the cast skin recovered, the larva being replaced. Transfer by 
means of a pipette is apt to lead to difficulties owing to the fact that 
whereas the larval pelts usually fall to the bottom, the cast pupal 
skins usually float and may become stranded on the side of the 
pipette used. The date of the stage is noted in the record, the tube 
is numbered with the same number as the capsule and is retained for 
all material which is derived from that capsule. As soon as the 
pupal stage is reached one of the cylinders is placed in position over 
the capsule, and when the adult emerges into the cylinder this may" 
be pushed carefully back off the capsule on to the board immediately 
behind it, in order to give the adult time to dry and expand. At 
the same time the pupal cast is removed and placed in its tube, 
which is then corked and waxed or sealed over a flame. t When the 
adult is ready for pinning it is removed from the board by slipping 
a strip of thin, stiff paper underneath the cylinder containing it, 
chloroformed by sliding the cylinder on to a piece of paper moistened 
with chloroform, while the upper end of the cylinder is covered by 
the finger; when pinned it is labelled in the collecting box with the 
same number as the capsule from which it was derived and the tube 
containing its other Stages. Before use again after one experiment 
the capsule is carefully swabbed out with a pledget of cotton wool, 
first with water, then with alcohol, and dried. 

In this way it is possible to obtain in the majority of cases a very 
complete record of the stages from the time the individual was 
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collected; the apparatus is of value, not only as a simple means of 
associating stages and noting their duration in the laboratory, but 
also for isolating mosquitoes as they emerge if required for experi¬ 
mental purposes. 

Precautions in use. Care is required with reference to the 
following points: — 

(1) Proper entry in the record of the number given to the 

capsule, pelt-tube and adult. 

(2) That one individual only is introduced into the capsule; 

this is especially necessary when dealing with young 

larvae or eggs. 

(3) That each pelt is removed as soon as it is shed. 

(4) That the tube containing pelts is well sealed if intended to 

be kept for future examination. 
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THE TREATMENT OF A CASE 
OF RHODESIAN SLEEPING SICKNESS 
BY THE PREPARATION KNOWN AS 
‘BAYER 205 * 


BY 

WARRINGTON YORKE 
( Received, for publication 6 December, 1921) 

The patient (G. J.) contracted the disease in the Seringe district 
of North Eastern Rhodesia on the Congo Zambesi Watershed. 
He was suddenly taken ill on 17th September, 1920, with severe 
headache, pains in the back and neck, great prostration and a 
temperature of 105° F.; during the first eight days of the illness the 
temperature varied between io 4°F. and io6°F. Trypanosomes 
were found in the blood on 27th September, and the patient was 
thereupon sent to Broken Hill, where he arrived on 24th October, 
and was treated by Dr. Wallace with tartar emetic, intravenous 
injections (2 5 to 3 grains) being given every other day. A little 
later intramuscular injections of antimony oxide (/„ grain) and 
soamin (2 grains) were also given. Between 24th October and 
26th December 3'28 gm. of tartaric emetic, 01 gm. of antimony 
oxide and 2 47 gm. of soamin had been administered, with only a 
moderate degree of benefit to the patient: trypanosomes were 
frequently found in the blood and there were several severe febrile 
disturbances. Between 26th December and 15th January, 1921, 
thirteen injections of stibenyl (in all 3 05 gm.) were given. These 
injections were, however, badly borne, and as trypanosomes were 
present in the blood on 16th January, the original treatment, with 
tartar emetic, antimony oxide and soamin, was resumed. Things 
improved somewhat, and on the 3rd February the patient was well 
enough to leave for England. At Cape Town, and on the voyage, 
he had further injections of tartar emetic. 

When the patient reached Liverpool on 12th March, he was in 
fairly good condition; trypanosomes were not present in his blood 



(inoculated rats did not become infected), there was well-marked 
autoagglutination of the erythrocytes, and the weight was 144 lbs, 
Daily examinations of the blood were negative until 18th March, 
when a few trypanosomes were found. Inoculation of rats showed 
the parasite to be T. rhodesiense. Intravenous injections of tartar 
emetic in doses of from 2 to 3 grains were then given on alternate 
days. Neither these nor injections of. atoxyl, however, seemed to 
exert any influence on the course of the disease. Violent febrile 
disturbances accompanied by severe headaches and great prostration, 
and the appearance of trypanosomes in the peripheral blood in 
considerable numbers, occurred with the utmost regularity every five 
or six days, and the patient went steadily down hill. 

In view of the fact that the infection appeared to be antimony 
and arsenic resistant, I endeavoured to obtain from Professor 
Mayer, of the Hamburg School of Tropical Medicine, a small 
quantity of a preparation called ‘ Bayer 205 manufactured by the 
firm of Friedr. Bayer & Co., Elberfeld, Although this drug—the 
constitution of which was not disclosed on account of the state of 
the Germany chemical industry—had not been used in any case of 
human trypanosomiasis, it had been employed with remarkable 
results in the treatment of experimental trypanosomiasis of animals, 
records of which had been recently published by Haendel and 
Joetten (1920) and by Mayer and Zeiss (1920). 

Professor Mayer informed me that he was unable to comply with 
my request to let me have a supply of the drug for trial, but stated 
that if I sent the patient to Germany they would be glad to treat 
him at the Hamburg School. This, unfortunately, resulted in some 
loss of time, as I did not like the idea of sending the patient to 
Germany to be treated with a proprietory article, the composition 
of which was not disclosed and which could not be sent out of the 
country. However, as notwithstanding the most rigorous treatment 
the patient’s condition got steadily worse, I went critically through 
the above mentioned papers again and was so impressed by the 
results recorded, that I overcame my own scruples and those of the 
patient, with the result that he left for Hamburg on 5th July, 1921. 
During his eight and a half months illness the patient had received, 
in addition to the other drugs mentioned, 227 gm. of tartar emetic, 
and at the time he left for Hamburg his weight had fallen to 



481 


l ja lbs., he was suffering from frequent violent febrile disturbances, 
antimony and arsenic preparations were without any effect on the 
course of the infection, and the condition seemed almost hopeless. 

The following details of the case are taken from a recent paper 
by Miihlens and Menk (1921), under whose care the patient was when 
in Hamburg. On 9th July, two days after his arrival, he had a 
rigor, accompanied by headache and fever, and trypanosomes were 
found in the blood. Treatment was immediately commenced, 

‘ Bayer 205 ’ O’ 5 gm. in 5 per cent, solution being given intra¬ 
venously. The injection was well tolerated; the fever subsided in 
six hours instead of in the customary thirty-six hours, and trypano¬ 
somes had disappeared from the blood within sixteen hours. The 
next day a second injection of 1 gm. in 10 per cent, solution was 
given, and this was repeated on the following day: both injections 
were well borne and the urine remained free from albumen or casts. 
The blood was examined twice daily during the following seven 
days, with negative results, and a further injection of 1 gm. was 
then given. As a small quantity of albumen and occasional red 
and white blood corpuscles appeared in the urine, no further treat¬ 
ment was administered. The patient improved remarkably, rapidly 
regained his sense of well-being and put on weight. Almost daily 
examinations of the blood were made, until 29th August, but with 
negative results: there were no further febrile attacks or any other 
untoward symptoms, and on 13th September the patient returned to 
Liverpool. 

When I saw him on 15th September, I was greatly impressed with 
the remarkable improvement in his general condition: he had lost 
the anxious and weary expression which had been so characteristic 
for some months before he went to Germany, his weight had increased 
to 145 lbs., the blood was negative and sub-inoculated rats did not 
become infected, and the autoagglutination of the erythrocytes had 
disappeared. The urine contained a trace of albumen, otherwise the 
patient seemed perfectly well. The following day he left Liverpool 
for his home in South Wales. On 5th November, 1921, he returned 
to Liverpool for further examination. He appeared in excellent 
health, and stated that he never felt better in his life and had played 
two rounds of golf daily without the slightest distress. The blood 
was examined microscopically and also inoculated into three rats, 
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with negative results: there was no autoagglutination of tfie 
erythrocytes or any other sign of the disease: the weight had 
increased to 150 lbs. (patient’s normal weight), the urine, however, 
still contained traces of albumen. On I ith November he sailed for 
South Africa. 

The above record is of peculiar interest, as it relates to the first 
case of human trypanosomiasis treated with adequate doses* of 
‘ Bayer 205 ’. Whilst recognising that hasty and premature claims 
of success in the treatment of a disease like sleeping sickness are to 
be deprecated, and that the further history of the patient alone can 
decide whether a real therapia stertlisans magnet has been effected, 
the facts that the disease was of at least eight and a half months 
standing at the time of treatment with ‘ Bayer 205 *; that the patient 
was extremely ill and had been getting steadily worse for months, 
that the infection was completely resistant to the ordinary prepara¬ 
tions of antimony and arsenic; that since the administration of 
‘ Bayer 205 ’ all symptoms of the disease have disappeared, the 
general condition of the patient has improved enormously, his weight 
has increased by 18 lbs., his blood has been free from parasties and 
non infective to rats for an observation period of four months—these 
facts, considered in the light of the usual history of cases suffering 
from T. rhodesiense, warrant the hope that in ‘ Bayer 205 ’ we have 
a drug of exceptional trypanocidal power. 
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